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ABSTRACT 
The following document is a third-year progress report to the 
original contract [Contract No. EY-76 ... S-02-40l8] for the period June 1, 
1978 to May 31, 1979. The overall objective of the project is to study 
the effects of seedi n9 techni ques, speci es mi xtures, ferti 1 i zer, ecotypes, 
improved plant materials, mycorrhizal fungi, and soil microorganisms on 
the initial and final stages of reclamation obtained through seeding and 
subsequent succession on disturbed oil shale lands. Plant growth medias 
that are being used in field-established test plots include retorted 
shale, soil over retorted shale, subsoil materials, and surface disturbed 
topsoils. Because of the long-term nature of successional and ecologi-
cally oriented studies the project is just beginning to generate 
significant publications. 
Several of the studies associated with the project have some phases 
being conducted principally in the laboratories and greenhouses at 
Colorado State University. The majority of the research, however, is 
being conducted on a 20 hectare Intensive Study Site located near the 
focal points of oil shale activity in the Piceance Basin. The site is at 
an elevation of 2,042 m, receives approximately 30 to 55 cm of precipita-
tion annually, and encompasses the plant communities most typical of the 
Piceance Basin. 
Most of the information contained in this report originated from the 
monitoring and sampling of research plots established in either the fall 
of 1976 or 1977. Therefore, data that have been obtained from the 
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Intensive Study Site represent only first- or second-year results. 
However, many trends have been identified in the successional process and 
the soil microorganisms and mycorrhizal studies continue to contribute 
significant information to the overall results. The phytosociological 
study has progressed to a point where field sampling is complete and the 
application and publication of this material will be forth coming in 1979. 
The plant selection and ecotype studies have made substantial progress, 
but because of the nature of the research publishable information is not 
yet available. 
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The efforts of all contributing investigators have been integrated 
and directed toward the goal of providing guidelines for the rehabilita-
tion potential and practices of Colorado oil shale lands. All studies 
are contributing to this goal, but some projects, because of their long-
term nature or sophisticated sampling and laboratory techniques, require 
more time to generate useful data. 
All subprojects emphasize the bioedaphic factors that will be 
important in the rehabilitation of mined oil shale lands. The various 
accomplishments and significant results that have been obtained during 
the third year of research activities are described in this report. The 
introduction presents a brief summerization of the progress to date for 
each subproject. Following this introductory summary is detailed 
information on each of the studies outlined. A diagram of the Intensive 
Study Site is provided in Figure 1 to aid in visualizing the size and 
location of the field test plots discussed in this report. 
Effect of Plant Species, Soil Material, and Cultural Practices 
Upon Plant Establishment and Succession 
Major emphasis during the 1978 field season was on the monitoring 
and sampling of the Revegetation Technique Plot, Surface Disturbed 
Successional Plot, Retorted Shale Successional Plot, and the Annual 
Disturbance Plots (see Figure 1). A comprehensive sampling program was 
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Figure 1. Diagram of the Piceance Basin Intensive Study Site presenting size and relative 
location of field test plots within the site. 
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the test plots. Primary vegetational parameters measured were density, 
cover, and aboveground biomass by individual plant species. Plant vigor 
was monitored through the measurement of maximum plant height and seed 
stalk production. 
The Retorted Shale Successional Study (established in 1977) was 
sampled twice during the 1978 growing season. Initial sampling in June 
provided early establishment data, while sampling in August produced data 
on first-year survival. The remaining test plots were sampled at the 
period of peak production to determine second-year survival and succes-
sional trends. 
In addition to the vegetational sampling, soil and retorted shale 
samples were analyzed for toxicity and nitrogen status. Subsurface and 
surface soil moisture readings were taken throughout the growing season 
to aid in the interpretation of the successional process. 
The vegetation response on the Revegetation Technique Plot indicates 
substantial interactions among irrigation, fertilization, seed mixture, 
and seeding technique. Technique 2 (low seeding rate for grasses and 
forbs, high seeding rate for shrubs) should be used if both irrigation 
and fertilization are proposed. However, if only fertilization is used 
then seeding Technique 1 should be used. It was also found that shrub 
dominated communities can be obtained with the use of seeding Technique 2. 
The microbiological results on these plots indicate that with irriga-
tion native species showed the highest levels of soil organic matter 
while without irrigation the introduced species produced the highest 
soil organic matter. From this ;s appears that native species may invest 
more energy below ground under irrigated conditions while introduced 
species respond with aboveground production. 
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The Successional Study on Surface Disturbed Soils showed that mixtures 
of native species are subject to successful invasion by plants character-
istic of both advanced and pioneer seral stage. Introduced and combina-
tion native and introduced species tended to retard growth of invaders as 
measured by both biomass and cover. The microbiological studies on these 
plots indicated that mixtures containing introduced grasses and mixtures 
containing native grasses, forbs, and shrubs produced the greatest soil 
organic matter. This fact ;s directly correlated with the aboveground 
response for these mixtures which were tested under nonirrigated 
conditions. 
After one growing season for the Retorted Shale Successional Plot 
several conclusions can be made which must be considered preliminary at 
this time. Without intensive management (i .e., water, fertilizer, mulch, 
and other soil amendments) Paraho retorted shale will not support an 
adequate stand of vegetation. It has also been found that the deeper the 
soil profiles over shale the greater the plant production because of 
greater soil water storage capabilities. A combination native and 
introduced species mixture displayed the highest productivity and allowed 
the least amount of invasion. The introduced mixture had the highest 
density of all mixtures but also allowed the greatest invasion to occur. 
Over all the test plots species reaction to developmental 
successional patterns will become more important in the next few years as 
the establishment of closed communities becomes more pronounced among 
treatments. The spatial mix of plants is expected to change rather 
markedly from year to year as competition for the environmental resources 
becomes keener among individual species. Occupancy and dynamics in 
successional expressions that ultimately lead to dominance will furnish 
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rational conclusions for successful revegetation of distrubances brought 
about by oil shale development. 
Long-Term Fertility Maintenance on Land Drastically 
Disturbed by Oil Shale Development 
Activities during the 1978 field season included the establishment 
of a Legume Study for nitrogen fixing and first-year sampling and moni-
toring of the Long-Term Fertility Plots on subsoil material and topsoil 
over retorted shale. The long-term fertility aspect of the study is 
examining the addition of nitrogen to the soil system from either organic 
or inorganic sources applied once at the initiation of the study and also 
annually. Vegetation sampling during 1978 was accomplished using 
permanently placed quadrats. Plant growth was monitored twice during the 
first growing season to determine initial germination and survival. 
Plant measurements included density, cover, biomass, and maximum height 
to obtain an index for vigor. 
Analysis on soil samples obtained before the first growing season 
indicate that all the nitrogen applied as either inorganic or organic N 
is not being recovered. It is hoped that a more complete picture will be 
obtained by changes in sampling and possibly analytical procedures. Some 
trends have appeared in the first year1s data that indicate plant growth 
is improved over the control by the addition of sewage sludge, low rates 
of inorganic N fertilizer, and high rates of phosphorus fertilizer. 
Effects on plant succession by fertility treatments will be examined in 
subsequent growing seasons. 
The first-year data show some interesting trends with regard to 
fertility responses on subsoil versus topsoil, indicating that both soils 
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do not respond alike to fertility treatments. Due to the nature of this 
study in comparing initial applications of N fertilizer with annually 
applied treatments publishable information is not expected until data 
from subsequent growing seasons is obtained. 
The Legume Plot was constructed in the fall of 1978 to determine the 
importance of native and introduced legumes in providing nitrogen over 
time to deficient soil materials and their role in future reclamation 
work (Figure 1). Soil nitrogen levels will be monitored to study the 
effect of legumes in pure stands and grass-legume mixtures both with and 
without nitrogen fertilization. Legume species will also be examined 
for nitrogen fixation by acetylene reduction analysis. The experimental 
design is a randomized block with 14 species treatments, 3 levels of 
nitrogen fertilizer, and 2 soils (topsoil and subsoil) with two 
replications. Following construction, the soil was sampled to determine 
initial levels of total nitrogen, plant available P, pH, and salts. 
Suitability of Native Shrubs and Forbs for Shrubland Restoration 
Design: Their Possible Genetic Variability and 
Communi ty-Hab ita t Re 1 a ti onsh i ps 
Populations of six shrub, one forb, and two grass species were 
transplanted into a common garden at the Intensive Study Site in the 
Piceance Basin. Each species is represented by different populations 
within the Piceance Basin and from other areas of Colorado and southern 
Wyoming. The purpose here is to describe and interpret the naturally 
occurring, ecological-genetic variation of important species in relation 
to the environments of different sites where they are found. This will 
contribute to final recommendations concerning which population 
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characteristics need to be emphasized when selecting species mixtures for 
reclamation. 
Following establishment in the common garden each plant was measured 
or rated for various characteristics, such as, leaf length and width, 
plant height, number of stems and leaves, phenological condition, and 
vigor. The environment of each population collected has also been 
characterized for elevation, topographic position, slope, precipitation, 
temperature, incoming radiation, etc. Preliminary results indicate that 
ecotypic differences exist within species of Ame~ahier~ Purshia~ 
Symphoriaarpos~ and Ceraocarpus. 
Sampling for the phytosociological segment of this study has been 
completed. Eighty-four stands of vegetation were sampled during 1978 
using a sampling regime giving frequencies of herbaceous species in 
lxl.5 m quadrats, cover for shrub and tree species in three height 
classes on a line intercept, and density and basal area of "tree species 
in 2xlO m quadrats. This information covers the range of vegetation 
variation of the predominant landscape units of the Colorado oil shale 
region. 
Vegetation typical of the Intensive Study Site was sampled in deatil 
to provide analogue stands for research plots on the site. The analogue 
stands, plus their placement in the phytosociological context of the 
region, will give a basis for understanding the major directions of 
variation away from the Intensive Site--directions in which the reclama-
tion results obtained at the Site will have to be projected. 
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Selection of Native Grasses and Legumes for Improved Rehabilitation 
Research on this phase of the project deals primarily with the 
following areas: (1) collection and assembly of germplasm sources, 
(2) evaluation of spaced nursery plantings under controlled stress, 
(3) evaluation of seed progenies at the Intensive Study Site, and 
(4) development of improved strains of grasses and forbs for reclamation. 
The evaluation of seed progenies ;n the Piceance Basin is one of the 
most important steps in determining which commercial varieties, strains, 
accessions, ecotypes, or single-plant progenies can succeed in the 
rehabilitation process. 
Several strain tests are underway at the Intensive Study Site. 
Western wheatgrass (Agropyron smithii) , Indian ricegrass (Oryzopsis 
hymenoides) , and several leguminous species have been evaluated during 
the 1978 growing season. Results indicate that varieties Arriba, 
~1a ndan 456, Rosana, and C- 30 are the best performers for wes tern whea t-
grass. Indian ricegrass varieties of Sharp's, Warner, M-700, and SCS's 
strain (NM-168) appear to provide the highest vigor, growth, and survival. 
Major and minor strains of lupines (Lupinus spp.), Utah sweetvetch 
(Hedysarum bareale) , cicer milkvetch (Astragalus aioer), and other 
legumes will be tested in 1979 for their effectiveness to fix nitrogen in 
native soil at the Intensive Study Site. 
Role of Soil r~icroorganisms as Indicators and Possible Controlling 
Factors in Plant Succession Processes on Retorted 
Shale and Disturbed Soils 
The responses and changes in soil microbial types and activities 
during the reestablishment of plant communities on disturbed sites and 
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strategies for rehabilitation by which microbe-plant interactions can be 
utilized are being developed in.lthis subproject. In addition, the effects 
of soil storage and retorted shale on essential soil microbiological 
processes are being evaluated. 
The Revegetation Technique Plot was sampled at the Intensive Study 
Site in May and July, 1979, where it was found that irrigation of the 
native seed mixture produced increased levels of soil organic matter 
while nonirrigated plots of introduced seed mixtures produced higher 
organic matter content in the soil. A trend towards decreased N2 fixation 
potential with nitrogen fertilization additions was noted, and higher 
nitrogen fixation rates were found on irrigated plots as opposed to 
nonirrigated treatments. 
All subplots were sampled on the Surface Disturbed Successional Plot 
during the summer of 1978. The most significant findings were that 
different seed mixtures and a pronounced effect on the accumulation of 
organic matter in soils with the introduced grass mixture and the native 
grass-forb-shrub mixture giving the highest levels, both with and without 
mulching. This response was independent of fertilization treatment. 
Topsoil stored in a stockpile at the Intensive Study Site was 
sampled after four months of storage, where plants had not yet been 
established. The soil samples at the surface of the storage pile were 
found to have Significantly lower water contents than from deeper loca-
tions, which would be expected. The surface soil also had significantly 
lower organic matter levels, decreased nitrogen fixation potential, 
lower bacterial and actinomycete populations, and higher pH values 
compared to topsoil stored at deeper depths. 
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Other experiments were also conducted on the effects of retorted 
oil shale on nodulation efficiency and nitrogen fixation potential by 
legumes and by culturing Rhizobia without plants present, where nitrogen 
fixation could take place. The plants have indicated that aboveground 
biomass was decreased with increasing concentrations of retorted shale. 
However, beyond additions of 10 to 20 percent shale the belowground 
portion of these plants did not show further decreases in biomass. In 
comparison with controls nodule production was lower with a 10 percent 
shale addition level, but with additional retorted shale an increase in 
nodule formation was observed which approached and exceeded the control 
soil values. Rhizobia cultured without plants under nitrogen fixing 
conditions showed stimulation with lower levels of retorted shale extracts 
and inhibition of nitrogen fixation with higher levels. Nitrogen fixa-
tion by Azotobacter was found to be sensitive to shale presence, and no 
stimulation of nitrogen fixation has been observed with the soil-shale 
mixtures examined to date. 
Importance of Mycorrhizal Fungi in Salvaging and Stabilizing 
Disturbed Soils and Retorted Oil Shale with 
Native and Introduced Vegetation 
This subproject is designed to determine the changes in mycorrhizal 
fungi following disturbance and to relate these changes in rehabilitation 
practices. At this point in time two major contributions have been made 
to the study of endomycorrhizae. The first contribution resulted from a 
comparison of disturbed and undisturbed sagebrush ecosystems. It was 
found that a strong correlation exists between the presence of viable 
propagules of endomycorrhizal fungi and the species composition of the 
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plant community. This concept is extended to primary succession in 
harsh habitats wherein the absence of mycorrhizal fungi dictates the 
types of plants that can invade and survive. 
The second contribution resulting from this research was the 
establishment of a bioassay which would better assess the actual poten-
tial of the soil to support mycorrhizal formation. The bioassay 
measures the active inoculum in the soil without reference to number of 
spores. 
Other findings that have been generated by this subproject are as 
follows: (1) with increasing soil disturbance the mycorrhizal infection 
potential of the soil decreases, (2) certain traditionally nonmycorrhizal 
families have been found to contain a few species which appear to be 
mycorrhizal related under native conditions, (3) mycorrhizal fungi may be 
host specific, (4) the most successful revegetation species become 
mycorrhizal only late in their establishment, and (5) there appears to be 
no significant effect of seed mixture, fertilizer, mulch, or irrigation 
on mycorrhizal infection potential following disturbance. 
EFFECTS OF PLANT SPECIES, SOIL MATERIAL, AND CULTURAL PRACTICES 
UPON PLANT ESTABLISHMENT AND SUCCESSION 
Personnel: Dr. C. Wayne Cook, Professor 
Mr. Edward F. Redente, Senior Research Associate 
Mr. Walter J. Ruzzo, Junior Research Associate 
Mr. Douglas E. Johnson, Graduate Research Assistant 
Mr. Ronald F. Jepson, Graduate Research Assistant 
Mr. Timothy E. Fulbright, Graduate Research Assistant 
OBJECTIVES 
This study was designed to obtain information related to seeding 
disturbed areas for the express purpose of reestablishing a diverse, 
functional ecosystem in as short a time a possible. The objectives of 
the research include: (1) determining proper seeding practices of poten-
tially usable mixtures of plant species and the relationships to cultural 
practices and fertilizer, (2) determining rate and direction of plant 
succession on overburden material and retorted shale overlain by soil as 
influenced by mixtures of species used in revegetation, cultural 
practices, and soil conditions, and (3) determining germination and 




PROGRESS TO DATE 
Revegetation Technigues on Intensively Disturbed Soils 
The Revegetation Technique Plot on Intensively Disturbed Soils was 
constructed in late summer 1976 (see Progress Report, March 1978). The 
configuration of the plot with the various combinations of treatments is 
shown in Figure 2. The treatments were as follows: 




F --fertilize (112 kg N/ha, 90 kg P/ha) 
NF--nonfertilize 
c. Seeding Technigue 
Technique l--Drill mixtures of grasses, forbs, and shrubs 
Technique 2--Drill mixtures of grasses, forbs, and shrubs with 
decreased seeding rate of grasses and forbs and 
increased rate of shrubs 
Technique 3--Dril1 grasses and forbs, but transplant shrubs 
Technique 4--Broadcast grasses and forbs, but transplant shrubs 
d. Seed Mixture 
Mixture 1--Combination (native and introduced) species 
1. Nordan crested wheatgrass 
2. Siberian wheatgrass 
3. Critana thickspike wheatgrass 
4. Sodar streambank wheatgrass 
5~ Slender wheatgrass 
6. Regarmeadow brome 
7. Indian ricegrass· 
8. Green needlegrass 
9. Durar hard fescue 
10. Madrid yellow sweetclover 
11. Utah sweetvetch 
12. Globemallow 
13. Lew; s fl ax 
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15. Fourwing saltbush 
16. Stansbury cliffrose 
17. Winterfat 
18. Green ephedra 
Mixture 2--Native species 
1. Rosana western wheatgrass 
2. Sodar streambank wheatgrass 
3. Bearded bluebunch wheatgrass 
4. Indian ricegrass 
5. Green needlegrass 
6. Ourar hard fescue 
7. Shermans big bluegrass 
8. Alkali sacaton 
9. G1obemal1ow 
10. Utah sweetvetch 
11. Palmer penstemon 
12. Stansbury cliffrose 
13. Green ephedra 
14. Fourwing saltbush 
15. ~~interfat 
16. Antelope bitterbrush 
Mixture 3--Introduced species 
1. Nordan crested wheatgrass 
2. Siberian wheatgrass 
3. Jose tall wheatgrass 
4. Luna pubescent wheatgrass 
5. Oahe intermediate wheatgrass 
6. r~anchar smooth brome 
7. Regar meadow brome 
8. Vinal Russian wildrye 
9. Ladak alfalfa 
10. Madrid yellow sweetclover 
11. Lutana cicer milkvetch 
12. Sainfoin 
13. Boundi ng bet 
14. Small burnet 
15. Siberian peashrub 
16. Russian olive 
A trip lex aanesaens 
Cowania mexiaana stansburiana 
Cera to ides lanata 
Ephedra viridis 




Stipa viridu la 




Hedysarum boreale utahensis 
Penstemon paZmeri 




















Ew.eagnus angus ti fo l ia 
Seeding rates for the above mixtures are shown in Table 1. 
During the 1978 field season six permanently located, rectangular-
shaped 0.25 m2 quadrats were established in each subplot (Figure 2) using 
random coordinates and a grid system. The quadrats were marked in 
opposite corners with steel stakes. These quadrats will continue to be 
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Table 1. Seeding rates for Revegetation Technique Plot on Intensively 
Disturbed Soils (pounds per acre of PLS). 
Species Tech 1 Tech 2 Tech 3 Tech 4 
Mixture #l--Combination 
1 . Nordan crested wheatgrass 1 .0 0.5 1 .0 2.0 
2. Siberian wheatgrass 1 .0 0.5 1 .0 2.0 
3. Critana thickspike wheatgrass 1 .0 0.5 2.0 3.0 
4. Sodar streambank wheatgrass 1 .0 0.5 2.0 3.0 
5. Slender wheatgrass 1 .0 0.5 2.0 3.0 
6. Regar meadow brome 1 .0 0.5 1 .0 2.0 
7. Indian ricegrass 1 .0 0.5 2.0 2.0 
8. Green needlegrass 1 .0 0.5 2.0 3.0 
9. Durar hard fescue 0.5 0.25 0.5 1 .0 
10. Madrid yellow sweetclover 0.5 0.25 0.5 0.5 
11 . Utah sweetvetch 1 .0 0.5 1 .0 1 .5 
12. G10bemal10w 0.5 0.5 0.5 1 .0 
13. Lewis flax 0.5 0.5 0.5 1 .0 
14. Arrowleaf ba1samroot 1 .0 0.5 1 .0 1 .5 
15. Fourwing saltbush 1 .0 4.0 
16. Stansbury c1iffrose 1 .0 3.0 
17 . Winterfat 1 .0 2.b 
18. Green ephedra 1 .0 2.0 
TOTAL 16.0 17.5 17.0 26.5 
Mixture #2--Native species 
1 . Rosana western wheatgrass 1 .0 0.5 3.0 4.0 
2. Sodar streambank wheatgrass 1 .0 0.5 1 .0 2.0 
3. Bearded bluebunch wheatgrass 1 .0 0.5 2.0 4.0 
4. Indian r;cegrass 1 .0 0.5 2.0 4.0 
5. Green needlegrass 1 .0 0.5 2.0 4.0 
6. Durar hard fescue 0.5 0.25 0.5 1 .0 
7. Shermans big bluegrass 1 .0 0.5 1 .0 1 .0 
8. Alkali sacaton 0.5 0.25 0.5 1 . a 
9. Globerna110w 0.5 0.25 0.5 1 . a 
10. Utah sweetvetch 1 .0 0.5 1 . a 1 .0 
11 . Palmer penstemon 0.5 0.25 0.5 1 .0 
12. Stansbury c1iffrose 2.0 4.0 
13. Green ephedra 1 . a 3.0 
14. Fourwing saltbush 1 . a 3.0 
15. Winterfat 1 . a 2.0 
16. Antelope bitterbrush 1 .0 3.0 
TOTAL 15. a 19.5 14.0 24.0 
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Table l.--Continued 
Species Tech 1 Tech 2 Tech 3 Tech 4 
Mixture #3--Introduced species 
1 . Nordan crested wheatgrass 1 .0 0.5 2.0 3.0 
2. Siberian wheatgrass 1 .0 0.5 1 .0 2.0 
3. Jose tall wheatgrass 1 .0 0.5 2.0 3.0 
4. Luna pubescent wheatgrass 1 .0 0.5 1 .0 2.0 
5. Oahe intermediate wheatgrass 1 .0 0.5 1 .0 2.0 
6. Manchar smooth brome 1 .0 0.5 1 .0 2.0 
7. Regar meadow brome 1 .0 0.5 2.0 4.0 
8. Vinal Russian wildrye 1 .0 0.5 1 .0 2.0 
9. Ladak alfalfa 0.5 0.25 0.5 1 .0 
10. Madrid yellow sweetclover 0.5 0.25 0.5 1 .0 
11 . Lutana cicer mi1kvetch 0.5 0.5 0.5 1 .0 
12. Sainfoin '0.5 0.5 0.5 1 .0 
13. Bouncing bet 1 .0 1 .0 1 .0 2.0 
14. Small burnet 1 .0 1 .0 1 .0 2.0 
15. Siberian peashrub 1 .0 4.0 
16. Russian olive 2.0 4.0 
TOTAL 15.0 15.5 15.0 28.0 
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used in subsequent years to measure parameters associated with 
population dynamics of individual species. Primary parameters were 
number, cover, and biomass for individual species and life forms. These 
measurements were made on both seeded and invading species. Invading 
species were identified as any plant not included in the original seeding 
mixtures. Biomass was obtained by correlating nonconsumption estimates 
from the subplots wi th estimates and cl ipped plots taken from the buffer 
zones. Other measured parameters were maximum plant height and seed 
stalk production. Seed stalk production was measured by counting the 
number of seed stalks per species per quadrat. Maximum plant height was 
determined in centimeters from average ground level to top of highest 
leaf or stem. 
Statistical analysis of field data tested the null hypothesis that 
irrigation treatments, fertilizer applications, seed mixtures, seeding 
techniques, and mulch treatment do not affect the population parameters 
measured. Differences between means were tested by use of Tukey's 
Q-test. 
Beginning the first week in June, supplemental irrigation water was 
applied weekly on the irrigated subplots. The amounts varied according to 
the amount of natural precipitation occurring. Enough supplemental water 
was applied so that a total of 2.5 cm (1 inch) was supplied to the sub-
plots each week (natural and artificial applications combined). This 
amount approximated the highest amount of precipitation that could be 
expected to occur at this site based on 20 years of previous data. 
Shrub seedlings will be transplanted into subplots seeded by 
Techniques 3 and 4 (see Progress Report, March 1978) in May 1979. Both 
20 
techniques call for establishment of forbs and shrubs by direct seeding, 
with subsequent establishment of shrubs by transplanting. 
Results and Discussion 
On the Revegetation Technique Plot four planting techniques were 
used which had a confounding effect upon the results dealing with estab-
lishment of life forms. Technique 1 consisted of drilling each mixture 
with grasses and forbs at a higher rate than shrubs (Table 1). In 
Technique 2 shrubs were seeded at a higher rate than grasses and forbs. 
The purpose of the difference in seeding rates was to reduce competition 
from rapidly growing grasses and forbs and allow shrub species to become 
established. As expected, the results support this hypothesis. 
Differences in Techniques 3 and 4 are in the method of seeding 
grasses and forbs. These life forms were drill seeded in Technique 3 and 
broadcast seeded in Technique 4. Shrub seedlings will be transplanted in 
Techntques 3 and 4 during spring of 1979. Therefore, the results will 
reflect this difference in planting procedures. Absence of shrubs was 
the reason that data collected from Techniques 3 and 4 were not included 
in the analysis of variance for biomass and cover of total grasses, forbs, 
and shrubs. 
Special consideration was given to invading species during data 
collection in 1978. The success of invading species is an important 
indicator of successional patterns. As additional data are gathered in 
future years, changes in the composition of invading plants will aid in 
the identification of species mixtures most able to approximate undis-
turbed native ecosystems. The native species mixture seeded on the 
Revegetation Technique Plot allowed the greatest amount of invasion to 
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occur. Subplots seeded with the native mixture are therefore open 
communities at the present time. This indicates that the seeded native 
species are not fully utilizing the resources available on the site. The 
introduced and combination native and introduced mixtures have allowed 
considerably less invasion than the native mixture. From this observa-
tion it appears that subplots seeded with these mixtures are approaching 
closed communities more rapidly than the native mixture. The importance 
of open versus closed communities in reestablishing a functional and 
diverse ecosystem is not fully understood at the present time. 
Effect of Seeding Technique on Aboveground Biomass 
Total Biomass of Seeded Species. No significant difference was 
found betw~en the main effect of Technique 1 and 2 for the total biomass 
of seeded spec i es. However, subplots seeded wi th Techni que 2 support.ed a 
slightly higher biomass than those subplots seeded with Technique 1. No 
significant difference was found between Techniques 3 and 4 (comparing 
drilling and broadcasting) when comparing the total biomass of seeded 
grasses and forbs. However, subplots drill seeded supported higher 
biomass than subplots seeded by broadcasting. 
For the total biomass of grasses and forbs of seeded species, there 
was a significant interaction among irrigation, seeding technique, and 
fertilizer treatments (Appendix A, Table 1). As seen in Figure 3 there 
is an overall increase in biomass when either supplemental water or 
fertilizer is applied. However, the increase due to fertilization under 
nonirrigated conditions is only minimal. Subplots seeded with 
Techniques 2 and 3 displayed dramatic increases in grass and forb biomass 
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FERTILIZATION 
Seeding Techniaue 
1 • G & F drilled ~ 1.13 em; 
S drilled @ 1.9-2.5 01 
2 • G. F. & S drilled; varying 
depths and rates 
3 • G & F drilled; S transplanted 







Figure 3. Mean biomass of grasses and forbs of seeded species in response 
to fertilization, seeding technique, and irrigation for the 
Revegetation Technqiue Plot on Intensively Disturbed Soils. 
lThe honest significant difference procedure or Tukey's Q-test was used to determine significant differences 
between means in a significant main effect or interaction. Confidence intervals are shown above the number of 
..eans to be compared.' Within intl"ractions a group of "leans representinq all levels of olle treatment and at one 
level of the other treatments can be compared using the confidence interval anove the number of means in the 
group. 
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From the data it appears that Techniques 2 or 3 should be used if 
both irrigation and fertilization are planned. However, if only 
fertilizer is considered in the reclamation plan, Techniques 3 and 4 
should be used. 
Total Biomass of Invading Species. When evaluating the total 
biomass of only invading species no significant main effects or inter-
actions for the various seeding techniques were found. 
Total Biomass of Grasses. There was a significant main effect for 
seeding technique when considering the biomass of only the seeded grass 
species (Appendix A, Table 2). Subplots seeded with Technique 3 supported 
the highest grass biomass across all three seed mixtures (Figure 4). 
Technique 4 which was a broadcasting procedure (with the same seed mix-
ture but twice the quantity of seed) resulted in the second highest grass 
biomass production. Although the difference was not significant, it 
does suggest that drilling might be better than broadcasting even though 
more seed was planted with broadcasting. As would be expected grasses 
were the lowest in Technique 2 because of the lower seeding rate of 
,grasses in thi s techni que. 
Across all four seeding techniques biomass production of seeded 
grass species was greatest for the seed mixture composed of introduced 
plants. The combination native and introduced species mixture ranked 
second in seeded grass biomass followed by the native mixture. 
Technique 3 responded better to the addition of-fertilizer and 
supplemental water than other techni~ues (Figure 5). Across all four 
seeding techniques grass production responsed with only a slight increase 
when fertilizer was added without supplemental water. However, there was 
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2 • G. F, & S drilled; varying 
depths and rl tes 
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Figure 4. Mean biomass of grasses of seeded species in response to 
seeding techntque and seed mixture for the Revegetation 
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3 • G , F dt"111ed; S transplanted 
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Figure 5. Mean biomass of grasses of seeded species in response to 
fertilization, irrigation, and seeding technique for the 
Revegetation Technique Plot on Intensively Disturbed Soils. 
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fertilizer and water. This was especially evident for biomass of grasses 
seeded with Techniques 2 and 3. The tremendous response to fertilization 
and irrigation on subplots seeded with Technique 2 may be caused by the 
lower seeding rate of grasses (reduced competition) which may have enabled 
individual grass plants to better utilize the added water and nutrients. 
The data suggests that if irrigation is planned in the reclamation 
scheme, then fertilizer should also be included for maximum grass 
production. However, if irrigation is not feasible, the addition of 
fertilizer may not significantly increase grass production. 
Total Biomass of Forbs. No significant main effects or interactions 
for the various seeding techni~ues were found when evaluating the biomass 
of seeded forbs. There were, however, some differences for invading 
forbs among the four seeding techniques (Appendix A, Table 3). Subplots 
seeded with Technique 2 allowed the greatest invasion of forbs while the 
broadcast seeding technique (Technique 4) allowed the least invasion. 
Total Biomass of Shrubs. The overall shrub biomass of seeded and 
invading species was greatest on subplots seeded with Technique 2 as was 
expected because of the greater quantity of shrub seed planted. The 
amount of invading shrubs was quite small and did not make a substantial 
contribution to the total. 
For some unknown reason the seeded shrub component on subplots 
planted with Technique 1 was significantly reduced under irrigated con-
ditions (Figure 6). This possibly could bave been the result of the 
rapid response of grasses to supplemental water which caused increased 
competition between grasses and shrubs. When subplots seeded with 
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S drilled ~ 1.9-2.5 CD 
2 • G. F. & S drilled; varying 
depths and rates 
3 • G & F drilled; S transplanted 




Figure 6. Mean biomass of shrubs of seeded species in response to 
irrigation and seeding technique for the Revegetation Technique 
Plot on Intensively Disturbed Soils. 
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to respond favorably to the added water without interference from the 
grass component. 
Effect of Seeding Technique on Ground Cover 
Total Cover of Grasses. The response of seeded grasses to planting 
techniques was simi lar for total cover when compared to total biomass. 
Subplots seeded with Techniques 3 and 4 supported grasses with signifi-
cantly higher cover values than Techniques 1 and 2. 
Across all seeding techniques fertilizer increased the percentage 
ground cover·of seeded grasses. Cover of seeded grass species was 
further increased with the addition of water (Figure 7). 
Effect of Seed Mixture on Aboveground Biomass 
Total Biomass of Seeded Species. Although no significant 
differences in total biomass have been found between the three seeded 
mixtures, a definite trend has been noted among treatments. Subplots 
seeded with the combination native and introduced mixture responded with 
grea ter bi omass than ei ther the na ti ve or introduced mi xture. The 
biomass associated with ,the combination mixture was composed almost 
entirely of seeded species. Subplots seeded with the native mixture 
ranked second in total biomass production, but allowed the greatest 
biomass of invading species. The introduced mixture, which was expected 
to show the greatest biomass response, exhibited the lowest total pro-
duction of the three seeded mixtures. Until species information is 
analyzed the interpretation of these results is somewhat premature. 
Total Biomass of Invading Species. There was a significant 
interaction for the total biomass of grasses, forbs, and shrubs of 
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Figure 7. Percentage cover of grasses of seeded species in response to 
fertilization, seeding technique, and irrigation for the 
Revegetation Technique Plot on Intensively Disturbed Soils. 
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Subplots seeded with the native seed mixture allowed significantly greater 
invasion to irrigation and fertilization than subplots seeded with the 
other two mixtures. There was an intermediate response of total biomass 
of invading species on subplots seeded with the introduced mixture and no 
response on subplots seeded with the combination mixture under irrigated 
and fertilized conditions. Invading species responded primarily to the 
addition of supplemental water and showed little reaction to the addition 
of only fertilizer. The large amount of invasion on subplots seeded with 
the native mixture suggest that these subplots are open and seeded 
species are not fully utilizing the available resources of light, water, 
and nutri ents . 
Total Biomass of Seeded Grasses. As can be seen in Figure 8 grass 
biomass production of seeded species is highest on those subplots seeded 
with the introduced mixture. This response is contrary to the results 
presented earlier for total biomass of seeded species. It was noted that 
subplots seeded with the introduced mixture exhibited the lowest total 
production of any of the three mixtures. This difference between total 
biomass and the biomass of only the seeded grasses was caused by the 
failure of introduced shrubs to become established. Therefore, the lower 
biomass of the introduced seed mixture can be directly attributed to the 
failure of introduced shrubs (Russian olive and Siberian peashrub). 
Total Biomass of Forbs. Subplots that received supplemental water 
responded with higher seeded forb biomass than those without additional 
water. The seeded forb component on subplots seeded with the introduced 
and combination mixtures responded dramatically under irrigated conditions 
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Figure 8. Mean biomass of grasses of seeded species in response to 
irrigation and seed mixture for the Revegetation Technique 
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Figure 9. Mean biomass of forbs of seeded species in response to 
irrigation and seed mixture for the Reveqetation Technique 
Plot on Intensively Disturbed Soils. 
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the favorable response of introduced forbs in these mixtures. The native 
forbs, however, responded only slightly with the addition of water. 
Total Biomass of Shrubs. As stated previously the introduced 
shrubs failed to become established on subplots seeded with the intro-
duced mixture. Therefore, there was a significantly greater production 
of shrubs on subplots seeded with the native and combination seed 
mixtures (Appendix A, Table 2). 
Effect of Seed Mixture on Ground Cover 
As might be expected a strong correlation was seen between the 
responses of biomass and cover across all treatments. This phenomenon is 
well documented in the literature and has held true under most treatments 
tested in this study. A detailed discussion of the response of cover to 
the various treatments tested would, therefore, only duplicate findings 
reported under the biomass section. 
Effect of Fertilization on Aboveground Biomass 
Total Biomass of Seeded and Invading Species. Plant species 
fertilized with nitrogen and phosphorus showed a significantly higher 
biomass response than those not fertilized. Fertilization and supple-
mental water when combined further increased the response of seeded and 
invading species over all treatments. Many other interactions occurred 
with fertilization and have been reported in previous sections. 
The fact that additions of fertilizer and water Significantly 
increased the response of seeded and invading species does not prove that 
they are absolutely necessary for the establishment of diverse and pro-
ductive ecosystems. The data at present cannot answer the question of 
whether fertilizer and water are required to establish diverse plant 
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communities on the disturbed sagebrush and juniper ecosystems of the 
Piceance Basin. 
Conclusions 
Several conclusions can be made from the data collected on the 
Revegetation Technique Plot. These conclusions are drawn from data 
collected during the second growing season and should, therefore, be con-
sidered preliminary. The dynamics of individual species as influenced by 
competitive pressures will be more definitive when plant communities 
approach closed stands and environmental resources are more fully 
utilized. 
1. Technique 2 (low seeding rate for grasses and forbs, high 
seeding rate for shrubs) should be used if both irrigation and 
fertilization are proposed. However, if only fertilization is 
used, then Technique 1 should be implemented. 
2. Shrub dominated communities can be obtained with the use of 
Seeding Technique 2 where the quantity of shrub seed is 
increased in the mixture. 
3. When conSidering the total biomass of grasses, drill seeding 
proved superior to broadcast seeding. 
4. Biomass production of seeded grass species was greatest for the 
introduced seed mixture. 
5. Irrigation increased biomass and cover of seeded plants, but the 
response to irrigation was increased significantly with the 
addition of nitrogen and phosphorus. 
6. Plant species fertilized with nitrogen and phosphorus showed a 
significantly higher biomass response than those not fertilized. 
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Successional Study on Surface Disturbed Soils 
The Successional Study on Surface Disturbed Soils is designed to 
provide detailed information about the rate and direction of natural 
plant succession on disturbed lands in the Piceance Basin. Of special 
interest is the interplay between the level of fertilizer application, 
the species seeded in a reclamation effort, and the presence or absence 
of mulch on the seeded plots. Each of these factors, or several factors 
acting in concert, could affect the type of plant communities that 
reestablish following a disturbance. For example, crested wheatgrass 
(Agropyron aristatum) is known as a valuable plant for rapidly reestab-
lishing grass cover, yet this species may retard the establishment of 
other components of advanced seral stages. Other species mixtures may be 
slower in attaining optimal biomass or cover, yet proceed toward a climax 
more rapidly. 
In order to ascertain the optimal combination of seeded species, 
fertilizer, and mulch a split-split block designed experiment (Figure 10) 
was initiated in the fall of 1976. The area on 2.2 ha in the northeast 
corner of the Intensive Study Site was scraped free of vegetation, 
ripped to a depth of 30 cm with a 0-8 caterpillar, and then rototilled. 
One hundred eight sub-subplots measuring 9x18 m were then delineated as 
shown in Figure 10. Because of the difficulty of applying the wood 
fiber hydromulch this treatment had to be confined to the margins of the 
experimental area (Figure 10). 
Subplot treatments consist of six species mixtures given in Table 2. 
These mixtures represent the range from simple grass combinations to a 
relatively complex mixture of native and introduced grasses, forbs, and 
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__ -----------------119m-------------------
MUlCHED UNMULCHED UNMULCHED MULCHED . 
~ 
Hydro mulch 
~ntro 1 ( urunu 1 ched ) 
FERTtL!ZE~ 
i = 1:2 kg M, 56 kg P ~er hectare 
2 ~ :6 kg ~19 23 kg ? oer hectare 
3 # ::ntrol (0 k9 ~I. 11 i<; ? oer hecta") 
SPECIES SEECED 
A • native grass mixture 
B • introduced grass mixture 
C • nat1ve grass-forb mixtu~e o • introduced grass-for~ mixture 
N 
E = native orass-fo~-snrub mixt~re 
F s native and introduced grass-foro-shrub 
:nixtur'! 
Figure 10. Experimental design for the Successional Study on Surface 
Disturbed Soil. 
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Table 2. Mixtures seeded during November, 1976, on the Surface Disturbed 
Successional Study Area. 
Conmon Name 
Mixture A--Native grass mixture 
1. Bearded bluebunch wheatgrass 
2. Rosana western wheatgrass 
3. Green needlegrass 
4. Indian ricegrass 
5. Sodar streambank wheatgrass 
Mixture B--Introduced grass mixture 
1. Nordan crested wheatgrass 
2. Luna pubescent wheatgrass 
3. Vinal Russian wi1drye 
4. Oahe intermediate wheatgrass 
Mixture C--Native grass-forb mixture 
1. Critana thickspike wheatgrass 
2. Green need1egrass 
3. Bearded b1uebunch wheatgrass 
4. Indian r;cegrass 
5. Sodar streambank wheatgrass 
6. Utah sweetvetch 
7. Emerald crownvetch 
8. Lew; s fl ax 
















Hedysarum boreale utahensis 
Coroni lla varia 
Linwn lewisii 
Penstemon palmeri 
Mixture D--Introduced grass-forb mixture 
1. Vinal Russian wi1drye Elymus junceus 
2. Nordan crested wheatgrass Agropyron cristatum 
3. Luna pubescent wheatgrass A. trichophorum 
4. Ladak alfalfa Medicago sativa 
5. Bouncing bet Saponaria officinalis 
6. Small burnet Sanguisorba minor 
7. Lutana cicer milkvetch Astragalus cicer 
Mixture E--Native grass-forb-shrub mixture 
1. Indian r;cegrass 
2. Bearded bluebunch wheatgrass 
3. Rosana western wheatgrass 
4. Emeral crownvetch 
5. Utah sweetvetch 
6. Stansbury cliffrose 
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2.24 
1 . 12 
1 . 12 
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1 • 12 
1 • 12 
1 . 12 
Table 2.--Continued 
Common Name 
8. Fourwing saltbush 











1 . 12 
1. Green needl egrass Stipa viriduZa 2.24 
2. Bearded bluebunch wheatgrass Agropyron spiatatum 2.24 
3. Nordan crested wheatgrass A. aristatum 2.24 
4. Luna pubescent wheatgrass A. triahorihorwn 2.24 
5. Lutana ci cer mi 1 kvetch AstragaZZ:S aiaer 1 .12 
6. Utah sweetvetch Hedys~~ boreaZe utahensis 1.12 
7. Stansbury cl iffrose Cowania meriaana stansburiana 1 .12 
8. Green ephedra Ephedra viridis 2.24 
9. Winterfat Cera to ides Zanata 1.12 
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shrubs. Sub-subplot treatments included two fertilizer levels and a 
control as listed below: 
1. 112 kg N, 56 kg P per hectare 
2. 56 kg N, 28 kg P per hectare 
3. Control, 0 kg N, 0 kg P per hectare 
Phosphorus, in the form of triple super phosphate (0-46-0) was applied 
at the above rates to the randomly selected plots and rototilled into the 
soil at the time of plot construction, but nitrogen fertilizer in the 
form of ammonium nitrate (32-0-0) was applied following the first growing 
season, as it was believed the salt effect of the fertilizer might retard 
growth of seedlings under moisture stress. Subplots were planted in 
November, 1976, into a rather loose seedbed. This seedbed condition was 
the result of an unusually dry fall coupled with mechanical disturbance. 
Planting was followed immediately by hydromulching with 2.2 metric tons/ha 
of wood fiber applied in a water emulsion. 
Vegeta ti on was samp 1 ed for emergence in f'1ay arid June of 1977 as well 
as establishment in August of 1977. Density and maximum height were 
recorded by life funn (by spectes when identifiable). Because of the 
paucity of precipitation and resultant poor growth the biomass and cover 
measurements were omitted from the first season measurements. 
The second growing season allowed the plants to mature enough to be 
identifiable so the 1978 data includes: 
1. Number of plants by speci:es per plot 
2. Biomass of plants by species 
3. Cover value of plants by species 
4. Maximum height of plants by species 
5. Number of seed stalks per quadrat by plant species 
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The winter and spring following planting were extremely dry with 
less than 7.6 cm of precipitation received on areas adjacent to the study 
site. This drought continued into the summer of 1977 and strongly 
influenced the species composition and densities of the established 
stands. Winter and spring precipitation during the 1977-1978 season was 
much higher and resulted in very rapid growth of the surviving plants. 
Field observations and a synopsis of vegetation responses from the 1977 
field season were reported in the March 1978 Progress Report. 
The results of the preliminary analysis of the density, biomass, and 
cover of seeded and invading species for the 1978 field season are 
presented in the following discussion. Reduction and synthesis of the 
vigor indices and other information among years is now in progress. 
Effect of Seed Mixture on Seeded and Invading Species by life Form 
The seed mixture, to a large degree, determines the biomass, cover, 
and relative numbers of plants in the established vegetation communities. 
Seed mixture had a pronounced effect on the biomass of the seeded grass 
component as shown in Figure 11. The introduced grass mixture (Seed 
Mixture 2) had the highest grass biomass (51 g/~ m2 ). These mixtures all 
contained introduced grasses, although the amount of grass seed planted 
in them varied from 15.7 kg/ha in Mixture 2 to a low of 9 kg/ha in 
Mixture 6. As can be seen, the seeding rate of grass did not appear to 
be the sole controlling factor upon the grass biomass. 
Native seedings had significantly lower grass biomass than the 
introduced grass mixture and the combination of native and introduced 
grass-forb-shrub mixture. There was no significant difference in grass 
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Figure '1. Biomass of seeded grasses for the Surface Disturbed Succes-
sional Plots. 
ITukey's honestly significant difference at P = .05. 
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(Mixtures 1, 3, and 5). The biomass of invading grasses was highest in 
the seedings of native species and lowest in the introduced mixtures 
(Figure 12). 
Seed mixture also had a significant effect upon the biomass of 
seeded forbs (Figure 13). The introduced grass-forb mixture had the 
highest biomass. This expression can be attributed to the inclusion of 
Ladak alfalfa (Medioogo sativa), bouncing bet (Saponaria officinaZis) , 
and small burnet (Sanguisorba minor) in the mixture. These forbs have 
the capability to establish and grow even though they must compete with 
introduced grasses. The biomass of invading forbs (Figure 14) responded 
to the seed mixture in the same manner as the invading grasses previously 
discussed; that is, with the highest forb biomass in the native mixtures 
and lowest in mixtures that included introduced species. 
The seed mixture planted had a highly significant effect upon the 
biomass of seeded shrubs (Figure 15). This effect was the result of two 
factors: first, the presence of fourwing saltbush (AtripZex aanesaens) 
in the native grass-forb-shrub mixture (Seed Mixture 5) and second, 
competition from introduced grasses in the combination native and intro-
duced grass-forb-shrub seed mixture (Seed Mixture 6). Observations by 
field personnel suggest that fourwing saltbush can produce much higher 
biomass than the other shrub species planted. These plants may be .5 m 
tall and weigh 300 g. This capacity for higher biomass would account for 
much of the difference between seed mixtures. It was also observed, 
however, that the introduced grasses reduced the size and vigor of 
winterfat (Ceratoides Zanata), which made up a major portion of the 
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Figure 14. Biomass of invading forbs plotted against seed mixture for the 
Surface Disturbed Successional Plot. 
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Figure 15. Biomass of seeded shrubs for the Surface Disturbed Succes-
sional Plot. 
ITukey's honestly significant difference at P = .05. 
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There was no significant effect of seed mixture on invading shrub 
biomass. The principle invading shrubs were Douglas rabbitbrush 
(Chrysothamnus visoidi!torus) and Broom snakeweed (Gutierrezia sarothrae). 
The mixture planted had no significant effect on the cover of seeded 
grasses, but it did affect the cover of invading grasses. Cheatgrass 
brome (Bromus teotorum) was the most common invading grass. This grass is 
an annual that can form very dense stands on disturbed lands and may 
retard the establishment of plants characteristic of advanced successional 
stages. Other invading grasses were needleandthread (Stipa aomata), 
prairie junegrass (Koeleria aristata), bottlebrush squirreltail (Sitanion 
hystrix), and Indian ricegrass. The highest cover values for the invading 
grasses as a group were found in the native grass-forb-shrub seed mixture 
(1.58 percent), native grass mixture (1.40 percent), and native grass-
forb mixture (1.33 percent). The combination seed mixture of native and 
introduced grasses, forbs, and shrubs had a mean invading grass cover of 
1.31 percent. Introduced grass and introduced grass-forb mixtures had 
mean invading grass covers of 0.70 percent and 0.88 percent, respectively. 
The cover values for the invading grasses followed the same general 
pattern as was seen in the biomass of invading grasses, i.e., higher 
values in the native mixtures. 
The mixture seeded also affected ~he cover of seeded forbs 
(Figure 16), which was higher with introduced species. Seeded shrubs 
had higher cover values in the native mixture because of the presence of 
the aggressive fourwing saltbush in the mixture (Figure 17). 
The densities of seeded grasses, forbs, and shrubs were all 
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Figure 16. Cover of seeded forbs for each seed mixture for the Surfaae 
Disturbed Successional Plot. 
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Figure 17. Cover of seeded shrubs for those seed mixtures which were 
planted on the Surface Disturbed Successional Plot. 
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densities of invading grasses, forbs, and shrubs were not significantly 
different among seed mixtures. 
Invading plants are present in all sub-subplots, but their capacity 
to grow (as measured by biomass and cover values) was reduced by competi-
tion from the planted introduced species. 
Effect of Fertilization on Seeded and Invading Species by Life Form 
Fertilizer additions affected both the biomass and cover of seeded 
grasses. The application of fertilizer increased biomass of seeded 
grasses significantly from 31 to 42 g/~ m2 (Figure 18). Cover values for 
the seeded grasses also increased significantly with fertilizer 
(Figure 19). The mean cover value was 9 percent with no fertilizer but 
was 11.8 percent and 12.3 percent for Fertility Treatments 2 and 3, 
respectively. 
The biomass and cover of invading grasses was not significantly 
changed by the fertilizer treatment, nor was the biomass of seeded forDs 
significantly affected (P=.05) by the addition of fertilizer. However, 
fertilizer had a significant negative effect on the cover of seeded 
forbs (Figure 20). This response is not due to the action of the fer-
tilizer directly but rather appears to be a result of the effect of 
fertilizer on the grasses. Grasses respond to fertilization more rapidly 
than do forbs, which results in increased competitive stress for the forb 
component. The cover of invading forbs was not significantly affected by 
fertilizer. 
Fertilizer had no significant effect on the biomass or cover of 
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Figure 18. Biomass of seeded grasses plotted against fertilizer additions 
for the Surface Disturbed Successional Plot. 
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Figure 19. Cover of seeded grasses plotted against fertilizer additions 
for the Shallowly Disturbed Successional Plot. 
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Figure 20. Cover of seeded forbs plotted against fertilizer additions 
for the Shallowly Disturbed Successional Plot. 
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The density of seeded grasses had a significant interaction among 
fertility, seed mixture, and mulch (Figure 21). This effect was largely 
a result of discrepancy among the various relationships. The interaction 
effect of fertilizer was confined primarily to the native grass-forb-
shrub mixture. For all other mixtures there was no significant effect of 
fertilizer treatment on the density of seeded grasses. There were no 
significant fertilizer effects on the density of invading grasses. 
Fertilizer additions had no significant effect on the density of 
seeded or invading forbs. 
The density of seeded shrubs demonstrated an interaction with 
fertilizer, mulch, and seed mixture; but, as with the density of grasses, 
this effect was confined to the response of the native grass-forb-shrub 
seed mixture (Figure 22). With no mulch, fertilization reduced the 
number of shrubs; however, with mulch, fertilization increased the number 
of shrubs. The reason for this is unknown at this time. 
Effect of Mulch on Seeded and Invading Species by Life Form 
The mulching treatment was not randomly applied to each plot; 
therefore, the effects have to be determined by examination of mulch 
interactions from the analysis of variance as a split block (Appendix A, 
Tables 4-8). Mulching had no significant effect on the biomass of seeded 
or invading grasses, forbs, or shrubs. Cover values for grasses or 
shrubs were unaffected by mulch; however, the seeded forbs had a mulch-
seed mixture interaction that was Significant at the P = .10 level. 
There is no clear trend to explain this information (Figure 23). Mulch 
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Figure 21. Density of seeded grasses plotted against treatment for the 
Surface Disturbed Successional Plots. 
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Figure 22. Density of seeded shrubs plotted against treatment for the 
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SEED MIXTURE 
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Figure 23. Cover of seeded forbs for each treatment on the Surface 
Disturbed Successional Plots. 
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The density values for seeded grasses were affected by a mulch-
fertilizer-seed mixture interaction (Figure 21). This information 
indicates that the mulch may retard the establishment of grasses in both 
the native and introduced grass and grass-forb mixtures. There was no 
significant effect of mulch on invading grass densities or on the density 
of seeded or invading forbs. 
Shrub densities responded to mulch in an interaction with fertilizer 
level applied and seed mixture planted. Mulch appears to enhance the 
number of shrubs that establish in the native mixture when fertilized. 
This appears to be the combined result of protection of the seedbed by 
mulch and stimulation of the shrubs by fertilization. 
The mulching treatment had little beneficial effect on the overall 
stand of seeded species or the amount of invasion that occurred. 
Conclusions 
The species mixture planted had a pronounced effect upon the 
established plant communities. Introduced grasses tended to have higher 
biomass than the native grasses. Also, introduced grasses reduced the 
biomass of invading grasses. Introduced forbs, likewise, had higher 
biomass than the native forbs, and the invading forbs tended to have 
higher biomass when competing with the native grasses than with those 
mixtures that included introduced grasses. Fourwing saltbush increased 
the biomass of the shrub component when it was included in the seed 
mixture. Other shrubs were observed to be retarded by the presence of 
introduced grasses. 
The mixture planted had no significant effect on the cover of seeded 
grasses, but invading grass cover tended to be less on subplots containing 
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introduced grasses than on those subplots that contained native grasses. 
The introduced forbs had higher cover values than the native forbs. 
Shrub cover was higher when fourwing saltbush was included in the species 
mixture seeded. 
The densities of grasses, forbs, and shrubs were affected by the 
mixture planted, as would be expected; but the densities of invading 
grasses, forbs, and shrubs were not significantly different between seed 
mixtures. 
Fertilizer additions increased the biomass and cover of seeded 
grasses and resulted in a decrease in the cover of seeded forbs. 
Mulching with wood fiber hydromulch had little beneficial effect on 
the established stands. 
Species reaction to developmental successional patterns will become 
more important in the next few years as the establishment of closed 
communities becomes more pronounced among treatments. The spatial mix of 
plants is expected to c~ange rather markedly from year to year as compe-
tition for the environmental resources becomes keener among individual 
species. Occupancy and dynamics in successional expressions that 
utlimately lead to dominance will furnish rational conclusions for 
successful revegetation of disturbances brought about by oil shale 
development. 
Successional Study on Annual Disturbance Plots 
A set of specifically disturbed plots was first established in 1976 
and 1977. These plots have been sampled once each year following the 
summer of their construction. 
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The purpose of these plots is to provide a basis for monitoring the 
patterns of natural plant invasion on disturbed, nonseeded areas. Plots 
established yearly are necessary for an adequate evaluation of the 
effects of climate and other modulating annual influences on the invasion 
process. The information assembled can be used to compare and contrast 
the invasion progress on the other successional studies being conducted 
at the Intensive Study Site. 
The experimental design of the plots is shown in Figure 24. Four 
subplots, each measuring 6x8 m, were separated by 1.5 m buffer zones. 






Scrape vegetation off while leaving as much topsoil as 
possible. 
3crape vegetation off and rip subsoil to a depth of 
30.0 cm. 
Remove topsoil and subsoil to a depth of 1 .0 m. Mix 
the soils together and replace in the area from which 
it was remove. 
Remove 1.0 m of topsoil and subsoil and stockpile. 
Remove an additional 1.0 m layer of subsoil and 
stockpile. Replace the material in a reverse order 
with the final material removed placed on the surface. 
In 1978 ten permanent 0.25 m2 quadrats were randomly positioned 
within each of the 1976 and 1977 subplots. The plots were 
sampled to record (by plant species) values of density, cover, and 
aboveground biomass. The data was analyzed statistically using a two-way 
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Figure 24. Experimental design for the Annual Disturbance 
Plot, 1976, 1977. 
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analysis of variance. When significance was encountered (P<.05), a 
Tukey's Q-test was used to test differences between means. 
Results--1976 Plots 
Mean density, biomass, and cover values for the plots constructed in 
1976 are reported by life form and by plant species in Tables 3-5. Only 
in forb density was a significant difference found (Table 3). The 16.80 
and 7.40 forbs m- 2 on Treatments 1 and 2, respectively, were signifi-
cantly different than the 1.20 and 1.00 forbs m- 2 on Treatments 3 and 4, 
respectively. Prairie junegrass and scarlet globema1low (SphaeraZoea 
ooooinea) on Treatment 1 demonstrated the highest grass and forb density 
with 23.00 and 8.40 plants m- 2 , respectively. Indian ricegrass and 
scarlet globemallow established successfully on all the treatments. 
Total plant density, biomass, and cover were the greatest on 
Treatment 1. Grasses on Treatment 1 produced the highest density and 
cover of any other life form with values of 56.20 grasses m- 2 for density 
and 50.60 percent for cover. The highest mean biomass was recorded 
for grasses on Treatment 1 and for forbs on Treatments 1 and 3. 
Total plant density decreased with the increase in disturbance. 
Mean total plant biomass and cover, however, decreased in order from 
Treatment 1, 3, 2, and 4. Forbs were primarily responsible for this 
order among disturbance treatments. 
Shrubs demonstrated essentially negligible establishment on all 
treatments. Only the few shrubs on Treatment 3 exhibited meaningful 
biomass and cover. 
At a glance, some means between treatments in Table 3-5 appear to 
be significantly different. However, there were extreme variations 
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Table 3. Mean number of plant species and life forms per m2 for each 
treatment in the 1976 Annual Disturbance Plot sampled in 1978. 
Life Form/Species 
Grasses 














































































Trea tments 1 
Life Form/Species 
1 2 3 4 
Grasses + Forbs + Shrubs 
TOTAL 73.20a 15.40a 2.40a 1.80a 
ITreatment 1 = Surface scraped with caterpillar blade; Treatment 2 = 
Surface scraped and ripped to 30.0 cm; Treatment 3 = Surface scraped, 
soil removed to a 1.0 m depth, mixed, and replaced; Treatment 4 = Surface 
scraped, 2.0 m of soil removed, and replaced in reverse order. 
a,bMeans in the same row· bearing different superscript letters are 
significantly different (P<.05). 
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Table 4. Mean biomass (9 m- 2 ) of plant species and life forms for each 
treatment in the 1976 Annual Disturbance Plot sampled in 1978. 
Life Form/Species 
Grasses 


















































































aMeans in the same row bearing different superscript letters are 
significantly different (P<0.05). 
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Table 5. Mean percentage cover of plant species and life forms per m2 




Koe l,eria aristata 
Agropyron dasystachyum 
A. riparium 
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aMeans in the same row bearing different superscript letters are 
significantly different (P<0.05). 
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among replications within these treatments which were too large for the 
means of the treatment values to be significant in the analysis of 
variance. 
Plant species which were present in the 1976 plots but not present 
within the sampled quadrats included: bottlebrush squirreltail, bluebur 
stickseed (Lapputa redOwskii) , phacelia (Phaaelia spp.), Utah sweetvetch, 
Lewis flax (Linum lewisi), fleabane (Eriogonum spp.), meadow mi1kvetch 
(Astragalus diversifolius), penstemon (Penstemon spp.), and winterfat. 
In comparson of 1977 and 1978 (Tables 3 and 6), grasses and forbs 
exhibited an apparent increase in density in 1978. Treatments 1 and 2 
showed the largest density increase with forbs making the greatest 
increase over grasses and shrubs. Grasses, however, continued to exhibit 
the highest mean densities. This increase in density may be attributed 
to the favorable spring moisture conditions provided by winter snowfall. 
Shrubs remained the least established of the life forms. Treatments 3 
and 4 continued to have negligible plant establishment for all life forms. 
Results--1977 Plots 
Mean density, biomass, and cover values for the 1978 sampling of the 
1977 plots are represented in Table 7, 8, and 9. As with the 1976 plots, 
significant differences appeared only in plant density (Table 6). The 
number of grasses on Treatment 1 were significantly greater than on the 
other treatments. Also, grasses, forbs, and shrubs together were of a 
significantly higher density on Treatment 1 than on Treatments 2-4. 
Grasses displayed a higher density, biomass, and cover on Treatment 1 
than on the other treatments. Forb density and cover were also high on 
Treatments 1 and 2 with forb biomass being the highest on Treatment 2. 
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Table 6. Mean number of grasses, forbs, shrubs, and total vegetation per 
m2 for each treatment in the 1976 Annual Disturbance Plot 
sampled in 1977. 






O.80b 1 .60b 
O.20b O.OOb 
O.OOb O.OOb 
lSee Table 3 for description of treatments. 
2G = grasses; F = forbs; S = shrubs. 





a,bMeans in the same column bearing different superscript letters are 
significantly different (P<.05). 
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Table 7. Mean number of plant species and life forms per 1.0 m2 for 




1 2 3 4 
Grasses 
Oryzopsis hymenoides 3.80 0.60 
Agropyron smithii 2.00 
unknown grasses 0.20 
TOTAL 5.80a 0.60b 0.20b O.OOb 
Forbs 
AstragaZus spatuZatus 0.20 0.20 
PhZox hoodii 0.20 0.20 
SaZso Za kaZi 0.20 0.40 0.20 
unknown forbs 1.00 
Descurania pinnata 0.40 
TrifoZiwn gyrrmocarpon 0.60 0.60 
Chenopodiwn fremontii 0.20 
c. aZbum 0.20 
AstragaZus purshii 0.20 
TOTAL 3.00a 1.40a 0.20a 0.20a 
Shrubs 
TOTAL O.OOa O.OOa O.OOa O.OOa 
Grasses + Forbs + Shrubs 
TOTAL 8.80a 2.00b 0.40b 0.20b 
lSee Table 3 for description of treatments. 
a,bMeans in the same row bearing different superscript letters are 
significantly different (P<0.05). 
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Table 8. Mean biomass (9 m-2 ) of plant species and life forms for each 






























55.60 1 .00 
unknown forbs 
Descurania pinnata 














ISee Table 3 for description of treatments. 
aMeans in the same row bearing different superscript letters are 
significantly different (P<O.OS). 
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Table 9. Mean percentage cover of plant species and life forms per m2 















































ISee Table 3 for description of treatments. 
O.ooa 
aMeans in the same row bearing different superscript letters are 
significantly different (P<0.05). 
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However, the weedy invader (Russian thistle, SaZsoZa kaZi) accounted for 
the majority of this biomass. Grasses, forbs, and shrubs together 
exhibited density, biomass and cover trends similar to those for forbs. 
As can be seen in Tables 5-7, shrubs were unable to invade any of the 
1977 treatments. 
Ranked by treatment, grasses and forbs equally had the highest 
density, biomass, and cover on Treatment 1. None of the life forms were 
well established on Treatments 2-4. Forbs had the largest biomass and 
cover on Treatment 2 while essentially no plant biomass and cover were 
demonstrated on Treatments 3 and 4. 
Plant species which were present on the 1977 plots but not present 
within the quadrats were as follows: Douglas dustymaiden (Chaenaatis 
dougZasii) , penstemon, lobeleaf groundsel (Seneaio muZtiZobatus) , nutta11 
goldenweed (HapZopappus nutaZZii), meadow milkvetch, knowtwed (PoZygonum 
spp.), foothill bladderpod (LesquereZZa Zudoviciana), smallflower aster 
(Aster arenosus) , fireweed summercypress (Xoahia saoparia), bottlebrush 
squirrel tail , streambank wheatgrass (Agropyron riparium), Douglas rabbit-
brush, rubber rabbitbrush (Chrysothamnus nauseosus) , big basin sagebrush 
(Artemisia tridentata), and pr;ck1ypear (cpuntia poZyaaantha). 
Summary 
Following the first year of disturbance the mean density of grasses, 
forbs, and shrubs was significantly highest on Treatment 1. This trend 
was attributed to high mean density of grasses. The primary grass 
species that established were prairie junegrass, Indian r;cegrass, and 
wheatgrass. Part of the reason for the successful invasion of grasses 
may be attributed to the rhizomes of the wheatgrass being left behind 
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which provided a reproductive base not similarly available to the forbs 
and shrubs. Forb density, biomass, and cover was high on Treatments 1 
and 2 while shrubs failed to invade on any of the treatments. Negligible 
plant density, biomass, and cover was observed on Treatments 3 and 4 (the 
most severe treatments). 
The second year following plot disturbance total plant density, 
biomass, and cover remained highest on Treatment 1. Grasses and forbs 
increased in density on all treatments with forbs making the greatest 
increase. Grasses, however, maintained the highest mean density on 
Treatment 1. Shrubs remained negligible on all treatments. 
Overall, total plant density decreased with an increase in 
disturbance while total biomass and cover decreased in order of 
treatments--l, 3, 2, and 4. Forbs were responsible for the increase in 
biomass and cover on Treatment 3. 
Retorted Shale Successional Study 
During the summer and fall of 1977, a successional study on retorted 
shale was established at the Intensive Study Site. This study was 
implemented to address some of the problems the oil shale industry will 
face in the formation of a control technology for the surface disposal 
and revegetation of retorted oil shale. The experimental design of this 
study is based on the most recent surface disposal plans proposed by 
industry. Specifically, the study was set up to evaluate the effect of 
retorted shale properties and the method of disposal on the rate and 
direction of plant community succession. Various disposal schemes, 
species mixtures, and fertiizer treatments will be tested for their 
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ability to aid in the reestablishment of diverse and functional 
ecosystems on retorted shale disposal sites. 
Field Season 1977 
Construction of the Retorted Shale Successional Study began in 
June 1977 with the removal of vegetation from six rectangular panels 
measuring 23x109 m. Five of the panels were then excavated to specified 
depths according to the designated profile configuration for each panel 
(Figure 25). Excavated topsoil and subsoil were stockpiled separately. 
Following excavation the long sides of each panel were lined with cresote 
treated plywood to confine root growth to the artificial soil-shale 
profi 1 e. 
Paraho retorted shale was then transported from the Anvil Points 
facility west of Rifle, Colorado, to the Intensive Study Site. Each of 
the five excavated panels received 61 cm of retorted shale material. In 
order to simulate industry's proposals, the lower 15 cm of the retorted 
shale was compacted to a density range of 1,360 to 1,520 kg/cu m. The 
compaction was undertaken in an attempt to make the lower layer of 
retorted shale impervious to water movement and root penetration. The 
upper 46 cm of shale material in the profile was compacted to a density 
range of 1,200 to 1,360 kg/cu mby normal equipment traffic. 
Topsoil, subsoil, and gravel material were then deposited over the 
retorted shale according to the experimental design (Figure 25). The 
gravel treatment in Panel 6 was composed of a coarse gravel layer of 
large pond rock (5-15 cm diameter) topped with a layer of fine gravel 
(less than 4 cm diameter). This layer will test the effectiveness of 
gra ve 1 as a ba rri er to the ca pi 11 ary ri se of sal ts from the retorted 
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shale to the overlying soil material. The control or soil check panel 
was ripped to a depth of 30 cm and graded to surface contour. 
The completed, artificial soil-shale profiles are: 
1. Processed shale without any surface covering, 
2. 30.5 cm soil over retorted shale, 
3. 91.5 cm soil over retorted shale, 
4. Soil check with no retorted shale, 
5. 61 cm soil over retorted shale, and 
6. 61 em soil over 30.5 cm capillary barrier over retorted shale. 
The experimental design for the Retorted Shale Successional Study 
consists of three treatment variables (soil-shale profile, seed mixture, 
and fertilizer treatment) applied in a split-split block design 
(Figure 26). The basic design was replicated three times. Both the 
three seed mixtures and the three fertilizer treatments were randomized 
prior to application. The study was drilled with the three seed mixtures 










Phosphorus was applied prior to seeding while the nitrogen was not 
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Mixture 
A = Combination native and introduced mixture 
B = Native mixture 
C = Introduced mixture 
Fertilization Rate 
1 = 112 kg/ha N, 56 kg/ha P 
2 = 56 kg/ha N, 28 kg/ha P 
3 = 0 kg/ha N, 0 kg/ha P 




Table 10. Seeding rates for three species mixtures used on Retorted Shale 
Successional Plots. 
Common Name Scientific Name 
Mixture A--Combination, native and introduced species 
1. Nordan crested wheatgrass 
2. Siberian wheatgrass 
3. Critana thickspike wheatgrass 
4. Sodar streambank wheatgrass 
5. Slender wheatgrass 
6. Regar meadow brome 
7. Indian ricegrass 
8. Green needlegrass 
9. Durar hard fescue 
10. Madrid yellow sweetc10ver 
11. Utah sweetvetch 
12. G10bema11ow 
13. Lewi s f1 ax 
14. Arrowleaf balsamroot 
15. Fourwing saltbush 
16. Stansbury c1iffrose 
17. Winterfat 
18. Green ephedra 
Mixture B--Native species 
1. Rosana western wheatgrass 
2. Sodar streambank wheatgrass 
3. Bearded bluebunch wheatgrass 
4. Indian ricegrass 
5. Green needlegrass 
6. Durar hard fescue 
7. Shermans big bluegrass 
8. Alkali sacaton 
9. G10bemal10w 
10. Utah sweetvetch 
11. Palmer penstemon 
12. Stansbury cliffrose 
13. Green ephedra 
14. Fourwing saltbush 
15. Winterfat 
16. Antelope bitterbrush 
Mixture C--Introduced species 
1. Nordan crested wheatgrass 
2. Siberian wheatgrass 
3. Jose tall wheatgrass 








Stipa viridu l.a 
Festuca ovina duriusauZa 
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Hedysarum boreaZe utahensis 
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Hedysarum boreaZe utahensis 
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5. Oahe intermediate wheatgrass 
6. Manchar smooth brome 
7. Regar meadow brome 
8. Vinal Russian wildrye 
9. Ladak alfalfa 
10. Madrid yellow sweetclover 
11. Lutana cicer milkvetch 
12 . Sa; nfoi n 
13. Bouncing bet 
14. Small burnet 
15. Siberian peashrub 
































Field Season 1978 
In order to adequately monitor plant establishment and subsequent 
successional trends, a comprehensive sampling program was initiated on 
the Retorted Shale Successional Study in 1978. Six randomly located, 
permanently placed, rectangular-shaped 0.25 m2 quadrats were established 
in each subplot. The quadrat location was marked by the placement of 
steel stakes in opposite corners. Primary vegetative parameters 
measured were density, cover, and biomass by individual plant species. 
Biomass measurements were obtained by correlating nonconsumptive esti-
mates from the subplots with estimates and clipped plants taken from the 
buffer zones. Plant vigor was monitored through the measurement of 
maximum plant height and seed stalk production. Both maximum plant 
height and number of seed stalks were taken on a per species per quadrat 
basis. 
The Retorted Shale Successional Study was sampled twice during the 
1978 growing season. The initial sampling in mid June provided early 
establishment data, while the sampling in late August produced data on 
first-year survival. During the late season sampling period, it was 
felt that the permanent quadrats were not giving us an adequate estimate 
of plant invasion on the subplots. A sampling procedure was then under-
taken utilizing the whole subplot as a quadrat to more fully document 
plant invasion. The subplots were walked in an east-west direction in 
1 m strips by two researchers who recorded basal area and biomass of any 
invading species. These data are currently being reduced and analyzed to 
give a more complete picture of plant invasion on each treatment. 
In addition to vegetation sampling, soil and shale samples were 
taken from the artificial profiles during the field season. Surface soil 
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samples were collected in August in an attempt to explain biomass 
differences measured between the various soil-shale profie1s. Composite 
samples were taken from each replicate of the five panels that contain 
surface soil and sent to the Colorado State University Soil Test 
Laboratory for analysis of total nitrogen, nitrate, and ammonium 
concentration. The results (Appendix B, Table 1) showed that the biomass 
differences between soil-shale profiles could not adequately be explained 
by differences in nitrogen availability to the plants. 
Soil and shale samples were taken at various depths from the 
artificial profiles in November 1978 (Appendix B, Table 2). This 
sampling is a part of our monitoring program to determine chemical and 
physical changes that occur in the soil-shale profiles through time. 
Subsurface soil moisture readings in the artificial soil-shale 
profiles were taken biweekly throughout the growing season using a 
nuclear probe. Readings were taken at each of the study's 18 stations 
(one station per replicate per panel) at depths of 15,30, and 45 cm. 
The results of this work show several interesting trends (Appendix B, 
Figures 1 and 2). 
Higher subsurface moisture readings were maintained in the retorted 
shale material than in the soil material as the growing season progressed. 
At the end of the growing season moisture readings in the shale (all 
readings in Panel 1 and the 30 cm and 45 cm readings in Panel 2) were 
much higher than in the soil material of the other profiles. Moisture 
readings in the soil material were lower because the water was being used 
by the actively growing plants. Since little vegetation growth took place 
in the shale the water was not used and, therefore, accumulated. 
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The soil check (Panel 4) exhibited consistantly lower moisture 
readings at all depths through the growing season. This may be a result 
of lower infiltration rates which reduce storage and tend to keep the 
moisture in the upper layer of the profile where it is more subject to 
evaporation. 
Consistently high moisture readings were obtained at the 30 and 
45 cm depths in Panel 6 (61 cm soil over 30.5 cm gravel). This increased 
moisture may be accounted for by the presence of the gravel layer acting 
as a capillary barrier. Water in the profile is unable to move across 
the gravel layer and is stored in the overlying soil material. 
Relatively high moisture readings were also observed in Panel 3 
(91.5 cm soil cover). The large amount of soil material in the profile 
may have allowed for greater moisture storage which resulted in higher 
readings. 
Surface soil moisture readings were also taken biweekly through the 
use of a calcium carbide, gas pressure, moisture tester. Data taken from 
the 18 stations (one station per replicate per panel) shows that the sur-
face moisture response was similar to that of subsurface moisture 
(Appendix B, Figure 3). 
Panel 6 had the highest surface soil moisture readings while Panel 4 
had the lowest. The high readings on Panel 6 for surface soil moisture 
are most likely caused by the presence of the capillary gravel barrier in 
the profile. The relatively high surface soil moisture readings on 
Panel 2 can be explained in part by the change in texture between the 
soil and underlying shale material. This textural change between the two 
materials would tend to restrict water flow and keep more moisture in the 
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upper profile. Panels 3 and 5 had surface soil moisture readings 
intermediate between the high of Panel 6 and the low of Panel 4. 
Soil temperature-moisture cells were installed on each sub-subplot 
in the northern and southern replicate of each panel. They were buried 
at a depth of 15 and 45 cm and will be monitored during the upcoming 
field season. 
Plywood paneling was installed on the northern and southern ends of 
each panel during the 1-978 field season. With this installation, each 
panel is now completely encompassed by plywood paneling to the lower 
depth of the profile configuration. This was done to insure that root 
growth is confined to the artificial soil-shale profile and does not grow 
into adjacent buffer areas. 
A rodent-proof fence was constructed around the Retorted Shale 
Successional Study this past year. It will minimize plant damage from 
small herbivores and enable us to adequately assess plant response to the 
various treatments. 
Results 
The data obtained during the first sampling year was reduced and 
then analyzed statistically. An analysis of variance was run on all 
subplot treatment means for biomass, cover, and density by life form. 
Tukey's Q-tests were then utilized to determine significant differences 
between treatment means. 
All the results presented in the following section are based on data 
collected during the August 1978 sampling. The response from the shale-
to-surface treatment (Panel 1) is nearly always significantly different 
from the response on the other five panels. This is because a stand of 
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vegetation failed to become established on the shale-to-surface panel. 
Analysis of the data on a species basis for all vegetative parameters is 
currently being done. 
Effect of Seed Mixtures on the Density of Grasses, Forbs, and Shrubs 
The total density of seeded and invading plant species showed a 
varying response to the different seed mixtures. The introduced seed 
mixture responded with a significantly higher (P=.0325) density of plants 
than the native seed mixture. Total density of the introduced seed mix-
ture was also greater than the combination seed mixture, but this differ-
ence was not significant at the .05 level. This greater density response 
from the introduced seed mixture may be the result of two factors. One, 
the introduced plant species are generally more aggressive and establish 
themselves better than native plant species. Two, the introduced seed 
mixture allowed a greater number of invading species to become 
established. 
Total Density of Invading Species. Examination of the total density 
of invading species showed a significant interaction (P=.0265) between 
seed mixture and soil-shale profile (Figure 27). Panels 2 and 4 appeared 
to have a greater density of invading species. The greater density of 
invasion on Panel 4 may be the result of an indigenous seed source which 
was not present on the other panels. The greater density of invading 
species on Panel 2 may be, in part, explained by the lower amount of 
total biomass of seeded species observed on this panel. It is believed 
that the lower biomass of seeded species on Panel 2 left more open spaces 
available to the opportunistic invading plant species. It should be 
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Figure 27. Total density of grasses, forbs, and shrubs of invading 
species on the Retorted Shale Successional Plots. 
lThe honest significant difference procedure or Tukey's Q-test was used to determine significant differences 
between means in a significant main effect or interaction. Confidence intervals are shown above the number of 
means to be compared. Within inter~ctions a group of means representing all levels of one treatment and at one 
level of the other treatments can be compared using the confidence interval above the number of means in the 
group. 
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noted here that those panels which had the higher levels of biomass 
production also contained the smaller number of invading species. 
The total density of invading species showed differeing response 
according to seed mixture. On the five excavated panels (this excludes 
Panel 4, soil check) the introduced seed mixture generally allowed the 
greatest number of invading species followed by the native and then the 
combination seed mixture. The seed mixture composed of introduced 
species exhibited the lowest biomass of seeded species across all six 
panels and all three seed mixtures. The combination of native and 
introduced species, which generally had the highest biomass of seeded 
species, allowed the lowest density of invading species. A seed mixture 
that is showing high biomass production is making more complete use of 
resources (light, water, and nutrients) available at that particular site. 
When this occurs, less resources or open space is available for the 
invading plant species to utilize, and lower numbers of invading species 
result. 
Total Density of Forbs. The total density of forb species, both 
seeded and invading, showed a significant interaction (P=.0004) between 
seed mixture and soil-shale profile. In most cases, a greater density of 
forbs was observed in the introduced seed mixture than either the combina-
tion or native seed mixtures (Figure 28). These differences can be 
partially explained by the number of forbs seeded and the seeding rate of 
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Figure 28. Total density of forbs for seeded and invading species on the 
Retorted Shale Successional Plots. 
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Thus, the density response of forbs by seed mixture can be directly 
correlated with the number of seeding rate of forb species per seed 
mixture. 
Total density of seeded and invading forb species was greatest on 
Panel 2 than any of the other five panels. The reason Panel 2 is showing 
a higher density of forb species is not fully understood at this time. 
The total density of seeded forbs also shows a significant 
interaction between seed mixture and panel (Appendix B, Table 9). This 
interaction is much the same as that discussed above for total density of 
seeded and invading forbs (Figure 29). 
The interaction between seed mixture and panel was also significant 
(P=.OOll) when looking at the density of invading forb species (Figure 30). 
Invading forb density is greatest on Panels 2 and 4. The higher invading 
forb density on Panel 4 may be a result of the indigenous seed source. 
The introduced seed mixture allowed the greatest density of invading 
forbs on all panels except Panel 4. 
Total Density of Shrubs. The total density of shrubs, both seeded 
a'nd i'nvadi ng spec; es, exh i bi ted a s i gni fi cant in teracti"on between seed 
mixture and panel (Figure 31). The native seed mixture had a consistantly 
higher shrub density than either the combination or introduced seed 
mixtures. In Panel 2 both the native and combination seed mixtures were 
significantly greater in shrub density than the introduced seed mixture. 
The shrub density of the native seed mixture was significantly greater 
than that of the introduced seed mixture on Panels 3, 5, and 6. The 
extrement1y poor density response of shrubs in the introduced seed 
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Figure 29. Total density of seeded forbs on the Retorted Shale 
Successional Plots. 
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Figure 31. Total density of shrubs for seeded and invading species on 
the Retorted Shale Successional Plots 
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shrubs and the seeding rate of shrubs per seed mixture were not 
equivalent. They were: 
Seeding Rate 
Seed r1i xture Number of Shrubs (kg/ha) 
l--Combination 4 4.48 
2--Native 5 6.72 
3--Introduced 2 3.36 
PLS 
Thus, shrub density response can be correlated directly with the number 
and seeding rate of shrub species per seed mixture. In addition, the two 
shrub species in the introduced seed mixture performed poorly. Russian 
olive (Elaeagnus angustijoZia) showed poor growth response while the 
Siberian peashrub {Caragana arboresoens} was almost a total failure. 
Shrub density of seeded species followed a nearly identical pattern 
to that of the total seeded and invading species (Figure 32). This was 
because invasion of shrub species on the study were minimal. Of the 
small amount of shrub invasion that occurred, a significantly greater 
number of invading shrubs were found in the introduced seed mixture than 
in either the combination or native seed mixtures. 
Effect of Seed Mixture on the Biomass of Grasses, Forbs, and Shrubs 
An interaction between seed mixture and fertilization was detected 
at the .0779 level for the total biomass of seeded and invading species 
(Appendix A, Table 10). The combination seed mixture showed a much 
better response to Fertilization Treatments 1 and 2 (varying levels of 
phosphorus only) than did either the native or introduced seed mixtures 
(Figure 32). But, when fertilizer was not applied, the native seed mix-








































5 u 5 
U 









I I I 
.-0-. .-0-. .-0-. (18)(6)(3) 
... 
~ ~ CONFIDENCE QJ QJ 
> > LIMITS 0 0 
U r- U 
QJ 
r- > ,... .,... ca .,... 
o ~ 0 
(/) ~ (/) 
55 5 ,... 
U U U 0 
~ o LO LO +oJ c 
r- 0 r- 0 
\0 M 0'\ U 
PANELS 
Figure 32. Total density of seeded shrubs on the Retorted Shale 
Successional Plots. 
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Figure 33. Total biomass of seeded and invading species on the Retorted 
Shale Successional Plots. 
95 
This can be explained in part by the greater adaptability of native 
plant species to the lower nutrient levels found in native rangelands. 
Total Biomass of Seeded Species. There is a trend across all three 
seed mixtures for higher biomass production on the deeper soil-shale 
profiles (Panels 3, 5, and 6)(Figure 34). This greater biomass produc-
tion on the deeper profiles is caused in part by the ability to store an 
increased amount of soil moisture. This fact is supported by subsurface 
moisture readings within the profiles as reported earlier. 
The combination seed mixture had the highest overall biomass of any 
seed mixture across all panels. It showed a dramatic rise in biomass 
production on the deepest soil-shale profiles (Panels 3 and 6). The 
native seed mixture was intermediate in biomass production while the 
introduced seed mixture had the lowest overall production. Although the 
introduced seed mixture had the lowest biomass ~veral1, it had the 
greatest biomass production on Panel 4. This was somewhat unusual as 
competition was the greatest on Panel 4 because of the indigenous seed 
source present. 
Total Biomass of Grasses. The total biomass of seeded and invading 
grass species varied significantly (P=.0155) according to seed mixture. 
Plots seeded with the introduced seed mixture had significantly higher 
biomass of seeded and invading grass species than those seeded with the 
native seed mixture. This same response was also observed when seeded 
grass species were examined separately. But, when looking at the biomass 
of only invading species, the combination seed mixture contained a 
significantly greater biomass than either the native or introduced seed 
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Figure 34. Total biomass of seeded species on the Retorted Shale 
Successional Plots. 
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biomass of grass species also allowed the lowest b;:omass of invading 
grass species. 
The biomass of invading grass species showed a Significant response 
(P=.OOll) between seed mixture and panel (Figure 35). On Panel 3 the 
biomass of invading grass species was significantly higher in the native 
seed mixture than in the other two seed mixtures. Although the native 
seed mixtures generally showed a higher biomass of invading grass species 
across all panels, the reason for this sharp increase in Panel 3 is not 
known at this time. 
Total Biomass of Forbso The only significant difference observed in 
this section was among the seed mixtures as they influenced the total 
biomass of seeded forbs (Appendix A, Table 11). The combination seed 
mixture contained significantly higher biomass than the native seed mix-
ture and higher biomass than the introduced seed mixture. These results 
of seeded forb biomass by seed mixture directly correlate with the number 
and seeding rate of forbs per seed mixture as presented earlier. 
Total Biomass of Shrubs. Significant differences were seen in shrub 
biomass according to seed mixture when the total shrub biomass for seeded 
and invading species was examined. This same response was observed when 
seeded shrub species were examined separately. In both cases, the com-
bination and native seed mixtures had Significantly greater shrub biomass 
than the introduced seed mixture. The low shrub biomass in the intro-
duced mixture is caused in part by the low seeding rate and the poor 
growth response of the introduced shrub species. 
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Figure 35. Total biomass of invading grasses on the Retorted Shale 
Successional Plots. 
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Effect of Seed Mixture on the Cover of Grasses, Forbs, and Shrubs 
Variation in cover values is so great among the subplots that few 
significant differences or interactions were observed in response to the 
seed mixtures (Appendix A, Tables 11 and 12). Seed mixture caused a 
significant interaction or difference in only three areas in the cover of 
grasses, forbs, and shrubs. 
Total Cover of Grasses. A significant interaction was observed 
between seed mixtur~ and panel with respect to the cover of invading 
grass species (Figure 36). On Panel 3 the cover of invading grass 
species was significantly higher in the native seed mixture than in the 
other two seed mixtures. This sharp increase in cover values of invading 
grasses on Panel 3 with the native seed mixture is the same response 
noted earlier for biomass of invading grass species. 
Total Cover of Shrubs. Total cover of shrubs, both seeded and 
invading species, showed significant (P=.0047) differences in cover by 
seed mixtures. Subplots seeded with combination or native seed mixtures 
had significantly higher shrub cover values than those seeded with the 
introduced seed mixture. The cover of seeded shrub species was greater 
in plots where the native seed mixture was seeded than where the intro-
duced seed mixture was seeded (Appendix A, Table 12). These results 
correlate closely with those obtained for the biomass of shrub species. 
Effect of Fertilization on the Density of Grasses, Forbs, and Shrubs 
There are no significant interactions or differences when 
considering the density of grasses, forbs, and shrubs for the three 
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Figure 36. Total cover of invading grasses on the Retorted Shale 
Successional Plots. 
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density values to exhibit any significant effects caused by the different 
levels of fertilization. 
Effect of Fertilization on the Biomass of Grasses, Forbs, and Shrubs 
The only significant response of the biomass of grasses, forbs, and 
shrubs to fertilization occurred in the case of forbs in the seed 
mixtures. Seeded forbs showed a significant interaction between fertili-
zation and panel with respect to biomass (Figure 37). On Panel 6 the 
plots fertilized with 28 kg P/ha had a significantly greater biomass of 
seeded forbs than those fertilized with 56 kg P/ha. Biomass response of 
seeded forbs was significantly higher within the nonfertilized treatment 
than within the highly fertilized treatment on Panel 3. The data sug-
gests that hi gher fertil ization level s of phosphorus may have a detri-
mental effect on seed forb biomass, especially in the deeper soil-shale 
profiles. 
Effect of Fertilization on the Cover of Grasses, Forbs, and Shrubs 
The cover of grasses, forbs, and shrubs showed no significant 
interactions or differences among fertilization treatments. The high 
amount of variability in cover values on the subplots caused the failure 
to see any significant cover response from the fertilization treatments. 
Conclusions 
1. Paraho retorted shale, without large inputs of resources and 
management, cannot be directly revegetated within an environ-
mentally acceptable time period. 
2. The data suggests that deeper soil coverings of 61 and 91.5 cm 
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Figure 37. Total biomass of seeded forbs on the Retorted Shale 
Successional Plots. 
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3. Subplots seeded with the mixture composed of both introduced 
and native species responded with the highest biomass. 
4. Subplots seeded with the introduced seed mixture allowed the 
greatest amount of invasion. This indicates that the intro-
duced seed mixture was unable to form a closed community and 
thus was open to invasion. 
S. Phosphorus fertilization had little effect on plant 
establishment. 
Germination and Establishment Studies 
Results 
An extensive review of literature has been completed for Colorado 
native shrubs and submitted to the U.S. Forest Service for publication. 
This publication represents the first of three volumes addressing the 
areas of basic range seed physiology and the germination characteristics 
of native or wild plants. Volumes 2 and 3 are still in progress and will 
be finalized in the fall of 1979. Each volume will be useful for the 
development of specific guidelines for the propagation of Colorado plants 
by seed. 
Growth chamber studies were initiated in January 1979. After just 
two months of study several significant findings can be reported for 
green needlegrass (Stipa viridula) , Utah sweetvetch, and green ephedra 
(Ephedra viridis). Each species is presently being tested in various 
seed mixtures at the Intensive Study Site. However, germination and 
emergence responses have not been consistently high. Green needlegrass 
is a cool-season species and should respond to favorable moisture 
1M 
conditions early in the growing season when temperatures are moderate. 
Growth chamber tests at the present time indicate that green need1egrass 
germinates best at 28°C and higher temperatures under dark conditions 
following one month of cold stratification. This response of green 
need1egrass to higher temperatures may be one explanation for its unpre-
dictable nature in the field. 
Utah sweetvetch has a hard seed coat and will not germinate unless 
scarified. Since this species has not been reported in the literature, 
information on seed physiology and germination characteristics will be 
established in this study. The simple fact that seed coat scarification 
is essential for germination may explain its low response in the field. 
Green ephedra, a native shrub common in the oil shale regions of 
Colorado and Utah, has displayed an ability to successfully germinate at 
low temperatures. Two sources of seed were subjected to a cold stratifi-
cation treatment (2-4°C) for one-, two-, and three-month periods to 
determine optimum stratification time prior to initiation of germination 
studies. No germination was reported after one month, but greater than 
40 percent germination was reported after two months and 90 percent germ-
ination after three months. This response indicates that green ephedra 
is capable of germination in late winter or early spring if proper mois-
ture and stratification conditions have been met. In fact, germination 
could occur so early in the growing season that snows or extremely cold 
weather would inhibit or prevent seedling establishment. 
Summary 
A three-volume publication entitled "Growing Colorado Plants from 
Seed--A State of the Art" (Volume 1--Shrubs, 2--Forbs, and 3--Grasses) 
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will be completed in the fall of 1979. This publication will identify 
the status of current knowledge on propagation of ecologically important 
Colorado plants. Volume 1 has been submitted to the U.S. Forest Service 
for publication and should be available some time later this year. 
Growth chamber experiments are underway to determine optimum 
germination and emergence requirements for three important revegetation 
species. This aspect of the study has just begun generating results and 
will make substantial contributions in the near future. 
ABSTRACTS OF PUBLICATIONS OR PRESENTATIONS 
108 
PLANT SUCCESSION ON DISTURBED LANDS 
ASSOCIATED WITH OIL SHALE DEVELOPMENT AS 
AFFECTED BY SPECIES MIXTURES, FERTILIZER, 
AND MULCH 
Douglas Johnson* and Edward F. Redente, Department of 
Range Science, CcJorado State University, Fort Collins. 
A successionaj study was established in the fall of 1976 to 
<:i&termine rate and direction of plant community succession on 
surface disturbed soil as influenced by plant species mixtures, 
fertilizer, and mUlch. A 2- hectare (4.9- acre) site located in a 
mid-elvation sagebrush community in the Piceance Basin was 
scraped of vegetation and then ripped to a depth of 30 em (12 
irches) with the use of a track-type dozer. The site was then 
fertilized, rototilled. seeded, and mulched in a split-block design 
with 108 subplots each measuring 9 x 18 m (29 x 59) feet). 
Treatments induded (1) three fertilizer levels. (2) six speCies 
mixtures, and (3) two mulch treatments. The species mixtures 
used were (1) native grass, (2) introduced grass, (3) native 
graSS-forb. (4) introduced grass-forb. (5) native 
grass-forb-shrub, and (6) combination native and introduced 
grass-forb-shrub. Subplots were monitored for plant emergence 
a1d establishment during the first growing season and survival 
a1d productivity of seeded and invading species during the 
second growing season. Plant mixture was the dominant factor 
affecting the development of early seral stages. Introduced 
grasses were more aggressive competitors and reduced the 
vgor of Invading plants such as Kochia, Sa/soja, Chenopodium, 
Bromus, Sphaeralcea. Phlox. Allium, Artemisia, Trifolium. and 
Haplopappus. Invadang species such as Chenopodium, 
Sa/soJa, and Kochia were largely replaced the second year by 
eromus tectorum and plants characteristic of more advanced 
sera! stages owing to the increased competition of seeded 
pants. Introduced grasses also reduced the number and vigor of 
~ed forbs and shrubs. which resulted in the establishment of 
communities with less diversity. Native communities were more 
9Jsceptibie to invasion because of reduced competition from 
retlve species. Fertilizer did not have an effect on species 
composition but did influence vigor and overall biomass 
production. Mulch. however. had no influence on specIes 
compOSItIon. diverSity. plant numbers. vigor. or productiVity. 
Presented at 
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REVEGETATION TECHNIQUES ON DISTURBED 
LANDS ASSOCIATED WITH OIL SHALE DEVELOP-
MENT 
David A. Koehler- and Edward F. Redente; Department of 
Range Science, Colorado State University, Fort Collins, 
80523. 
In the taU of 1976 a study was initiated to determine revegeta-
tion procedures for establishing productive and diverse ec0-
systems on lands disturbed by oil shale development in north-
western Colorado. It was regarded as imperative to accomplish 
this goat with a minimum input of scarce resources and to 
determine what these levels would be. An intensively disturbed 
plot was established by mixing topsoil and subsoil to a depth of 1 
m (39) inches). The study was set up as a split block design with 
five Javels of treatment including: (1) application of supplemental 
water, (2) replications, (3) seeding mixtures, (4) planting tech-
niques, and (5) fertilization. Seeding mixtures included a diverse 
array of either native, introduced, or combination native-
introduced grasses, forbs, and shrubs. Each mixture was planted 
with four techniques which were designed to faCilitate establish-
ment of a diverse plant community. Results following the second 
growing season have shown that shrub species can be estab-
lished in combination with grasses and torbs by increasing the 
seeding.rate of shrubs and decreasing the aSSOCiated rate for the 
other life-forms. Seeding mixtures consisting of all introduced 
species were more effective than native or combination mixtures 
in providing rapid cover and soil protection. the introduced 
mixture also produced greater numbers of plants and' higher 
amounts of biomass. Application of supplemental water resulted 
in the establishment of closed plant communities by the end of 
the second growing season, regardless of seed mixture or 
planting technique used. FertilizatIOn significantly favored num-
bers of pfants. production of biomass, and cover. Relative to 
adjacent native communities, revegetated sites were shown to 
reach higher levels of productivity within two years of seeding 
under certain combinations of treatments. Original levels of 
diversity. however, will not be reached until further successionai 
processes atter the revegetated site. 
Presented at 
Society for Range Management Annual Meeting 
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EARLY PLANT SUCCESSION ON SIMULATED Oil 
SHALE DISTURBANCES 
Edward F. Redente and Walter J. Ruzzo·, Range SCience 
Department, Colorado State University, Fort Collins 80523. 
Successful stabilization and revegetation of spent oit shale 
materia! from surtace retorting operations is of critical importance 
to the future development ot oil shale in northwestern Colorado. 
Before spent shale can be disposed ot in an environmentally safe 
manner, research must be conducted to determine proper 
disposal schemes and revegetation procedures. This study 
addresses these problems through the establishment of a 
1.6-hectare test site utilizing 13,600 metric tons of Paraho 
retorted shale in several disposal schemes. Results have 
ndicated that plant establishment on retorted shale. as a growth 
media. was not possible when soil amendments and irrigation 
were withheld. On disposal schemes with various depths of 
topsoil over retorted shale. results have shown greater plant 
vgor and productivity as the soil cover was increased in depth 
from 30 to 91 cm. Early successional trends have also indicated 
that diverse mixtures of introduced grasses. forbs. and shrubs 
approached a closed community more rapidly than native 
speCies mixtures. Because of the higher emergence. 
establishment and survival rate along with more rapid and 
vigorous growth. introduced species were able to reduce the 
91try of invading annuals at a significantly greater level than 
relive species. 
Presented at 
Society for Range Management Annual Meeting 
Casper, Wyoming 
12-15 February 1979 
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REVEGETATION OF RETORTED OIL SHALE MATERIAL: 
A TOPSOIL DEPTH STUDY 
by 
E. F. Redente 
and 
vJ. J. Ruzzo 
Successful stabilization and revegetation of retorted oil 
shale material from surface retorting operations is of 
critical importnace to the future development of oil shale 
in northwestern Colorado. A.topsoil depth study is 
presently underway in the Piceance Basin to determine the 
optimum topsoil depth for revegetating retorted shale 
material. Approximately 13,600 metric tons of retorted . 
shale were transported to the interior of the Piceance 
Basin from the Paraho retort at Anvil Points. Following 
transport and construction of a 1.6 hectare test plot 
various plant species mixtures were seeded and are 
presently being monitored to determine the effect that 
-retorted shale properties, depth, and disposition have on 
plant establishment, survival, and long-term community 
succession. Instrumentation has also been installed to 
monitor the change in solubility and overall movement of 
salts, trace metals, and residual organics within the soi1-
shale profiles. 
Submitted to EPA Oil Shale Sampling, Analysis and Quality 
Assurance Symposium. Denver, Colorado. 
March 26, 27, 28, 1979. 
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ABSTRACT 
Vories, Kimery C. 1978. Growing Colorado Plants from 
Seed: A State of the Art. Volume 1: Shrubs. 
Information on the germination and establishment of most 
wildland shrubs from seed has become increasingly important 
with the increase in desire to reestablish self-supporting 
ecosystems on lands disturbed by human activity. The 
information available is highly variable as to its quality, 
quantity, and accessability. The purpose of this investi-
gation is to incorporate existing germination and plant 
propagatio~ information in an easily usable format for 
persons engaged in plant shrubs, native or naturalized to 
the State of Colorado. Information included is related to 
the (1) seed procurement, (2) pretreatment, (3) laboratory 
germination, and (4) cultural practices of 127 Colorado 
shrub species. Additional information includes: (1) 234 
literature citations, (2) a list of the Colorado shrub 
species which have been evaluated by USDA Soil Conservation 
Service Plant Material Centers, (3) addresses of western 
United States Plant Materials Centers, (4) a list of the 
commercial suppliers of seed, seedlings, and transplants of 
Colorado shrubs, and (5) a list of the addresses of commer-
cial suppliers of Colorado shrubs. 
KEY WORDS: Germination, propagation, shrubs, Colorado 
seeds, field planting 
PUBLICATIONS IN PROGRESS 
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1. The Effect of Various Cultural Practices on the Revegetation of Lands 
Disturbed by Oil Shale Development 
Redente, Edward F., Ronald F. Jepson, and Linda Joyce 
Rec~ation Review 
2. Early Successional Patterns on Reseeded, Shallowly Disturbed Soils in 
the Piceance Basin, Colorado 
Redente, Edward F., Douglas E. Johnson, and Linda Joyce 
Rec~tion Review 
3. The Effect of Seed Mixture and Fertilizer Treatment on First-Year 
Invasion in a Sagebrush Community 
Redente, Edward F., Walter J. Ruzzo, and Linda Joyce 
JournaZ of Range Management 
4. The Relationship between Microorganisms Activity and Early Successional 
Patterns on Intensively Disturbed Soils in a Sagebrush Community 
Redente, Edward F., Donald A. Klein, and F. Brent Reeves 
RecZamation Review 
LONG-TERM FERTILITY MAINTENANCE ON LAND DRASTICALLY DISTURBED 
BY OIL SHALE DEVELOPMENT 
Personnel: Dr. Burns R. Sabey, Professor 
Dr. William A. Berg, Professor 
Ms. Katherine Corwin, Graduate Research Assistant 
OBJECTIVES 
The objective of this subproject is to determine the long-term 
fertility requirements and methods of meeting these requirements of N-
and P-deficient soil materials disturbed by oil shale development in 
northwestern Colorado. The following treatments are being investigated: 
1. Adding low to moderate annual applications of inorganic 
fertilizer N over a four-year period, 
2. Adding high rates of inorganic fertilizer N only at the 
initiation of the study to equal'the summation of the rates in 
Treatment 1 after four years, 
3. Adding high rates of N as in Treatment 2 plus sawdust at the 
initiation of the study, 
4. Adding moderate to high rates of sewage sludge and sawdust at 
the initiation of the study, 
5. Adding two rates of P with moderate and high rates of inorganic 
fertilizer N, 
6. Adding no nitrogen fertilizer, and 
117 
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7. Seeding native and introduced legumes in pure stands and in a 
native grass mixture with and without nitrogen fertilizer. 
PROGRESS TO DATE 
Long-Term Fertility Plot 
The Long-Term Fertility Study examines adding nitrogen to the soil 
system from both inorganic and organic external sources and internally 
through N-fixation by legumes. As these methods are evaluated in light 
of the overall project's objectives, other aspects of maintaining adequate 
nitrogen in the soil will come under consideration. The first is 
economics. At present it is difficult to evaluate and compare the cost 
of adding N by these different methods. Another consideration in adding 
N to the soil is its long-term effectiveness which must be considered in 
the final evaluation. These aspects of the study are not directly 
measurable, but may well prove to be the deciding factors in the approach 
chosen to maintain N fertility in these soils. 
The Long-Term Fertility Plots were constructed in the summer and 
fall of 1977. One set of plots was constructed on disturbed topsoil 
placed over 61 cm of Paraho retorted shale (Figure 38) while the second 
set of plots was established on disturbed subsoil (Figure 39). These two 
sets were prepared to compare nitrogen availability to plants in an 
N-deficient subsoil with a topsoil that has considerably more organic 
matter and thus more nitrogen available for plant growth. 
A uniform application of 130 kg P/ha was broadcast over all plots 
except the N-P interaction plots. After the treatments were surface 
applied, they were worked into the soil by rototi11ing. The native seed 
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mixture used on the Retorted Shale Successional Plot was drill seeded 
on the treated plots in November 1977 (Table 11). 
Favorable moisture conditions in the Piceance Basin in 1978 (the first 
growing season for the Long-Term Fertility Plots) resulted in good plant 
establishment on both the topsoil over retorted shale and the subsoil 
plot. However, both stands have some rows that were not seeded due to 
drill problems caused by inclement weather during the 1977 fall seeding 
operation. The individual rows that :were not planted will be reseeded 
when weather permits in the coming growing season. Soil was sampled in 
each subplot in April 1978 and analyzed for total nitrogen, nitrate and 
ammonium nitrogen, plant available phosphorus, and salts. Plant growth 
was monitored twice during the first growing season to determine initial 
germination and survival levels. Plant responses measured were maximum 
height, density, cover, and biomass on six permanently-placed quadrats 
in each subplot. These responses as affected by fertility treatments 
are currently under .study. Total nitrogen was analyzed in plant material 
clipped late in the growing season from three randomly-placed quadrats in 
each subplot and is being evaluated for efficiency of nitrogen use by the 
plants as affected by fertility treatments 
The subsoil treated with sewage sludge contained substantially more 
invaders (mainly, SaZsoZa kaZi and Koahia spp.) than the other subplots. 
In spite of these invaders, the native grass-forb-shrub mixture showed 
good establishment on these plots. These invaders were removed in 
August 1978 before dropping seed by cutting the plants off at ground 
level and disposing of them off site. This was done to minimize weed 
competition in the reseeded rows during the coming growing season. 
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Table 11. Species mixture and seeding rates used on Long-Term Fertility 
Plots. 
Common Name 
1. Rosana western wheatgrass 
2. Sodar streambank wheatgrass 
3. Bearded b1uebunch wheatgrass 
4. Indian ricegrass 
5. Green need1egrass 
6. Durar hard fescur 
7. Shermans big bluegrass 
8. Alkali sacaton 
9. Globemallow 
10. Utah sweetvetch 
11. Palmer penstemon 
12. Stansbury c1iffrose 
13. Green ephedra 
14. Fourwing saltbush 
15. Winterfat 
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Annual fertility treatments were applied in the fall of 1978 in 
preparation for the second growing season. Plant monitoring on the 
permanent quadrats will continue during successive growing seasons. 
After the second growing season plant succession as a function of 
fertility will be included in the data analysis. 
Since this study was designed primarily as a long-term fertility 
study, meaningful data interpretation is not possible after the first 
growing season. First-year observations and measurements will be 
incorporated with succeeding years' data and interpreted over time with 
respect to long-term fertility maintenance on nitrogen deficient soils in 
the Piceance Basin. The conclusions based on the first year's results 
are tenta ti ve. 
Resul ts 
Total N, N0 3-N, and NH4 -N in the Soil Samples 
A one-way analysis of variance was used to determine if any 
differences existed in the soil nitrogen content after the spring 1978 
sampling. If significant differences existed, an LSD was made at the 
10 percent level. 
Table 12 indicates that the values for total nitrogen in the soils 
ranged from 0.07 to 0.19 percent and 0.03 to 0.13 percent in the topsoil 
and subsoil subplots, respectively. There was a significant increase in 
total N content of the soil resulting from the addition of sewage sludge 
as well as from the highest rate of inorganic N added with and without 
wood wastes to both the topsoil and subsoil plots. All other treatments 
were not different than the control at the 10 percent level of 
significance. 
Table 12. Results of soil analyses for total nitrogen, nitrate nitrogen, and ammonium nitrogen on 1978 
soil samples. 
Tota 1 Ni trogen 1 Nitrate Nitrogen l Ammonium Nitrogen l 
No. Rate of Treatment (%) (ppm) (ppm) (kg/ha) 
Topsoi 1 Subsoil Topso; 1 Subsoi 1 Topsoi 1 Subsoil 
Annual rates of N2 
1 56 N 0.075 0.041 1.83 1.33 10.33 13.33 
2 112 N 0.075 0.043 2.33 1.00 6.33 15.33 
3 224 N 0.076 0.053 3 2.00 4.67 19.67 3 43.67 
4 448 N 0.072 0.040 5.33 1.33 7.33 30.33 
-'" Single rates of N N 
.,J:::Io 
5 224 N 0.078 0.040 3.33 2.67 8.00 23.00 
6 . 448 N 0.073 0.047 5.33 3.33 6.00 32.33 
7 896 N 0.074 0.044 15.333 3.00 12.33 45.67 
8 1,793 N 0.084 0.059 3 40.00 3 2.67 19.67 3 58.33 3 
Single rates of N as above 
Qlus wood wastes {ww} 
9 224 N + 11,120 ww 0.074 0.037 1 .00 1 .67 6.67 19.67 
10 448 N + 22,400 ww 0.075 0.041 2.67 2.33 9.00 26.67 
11 896 N + 44,800 ww 0.075 0.048 9.00 3.00 9.67 44.67 
12 1 ,793 N + 89,700 ww 0.88 3 0.066 3 89.67 3 11.33 3 29.67 3 98.67 3 
Table 12.--Continued 
Total Nitrogen l Nitrate Nitrogen l Ammonium Nitrogen l 
No. Rate of Treatment (%) (ppm) (ppm) (kg/ha) 
Topsoi 1 Subsoi 1 Topsoi 1 Subsoil Topsoil Subsoi 1 
Sewage sludge {ss} + ww 
13 56,000 ss + o ww O. 1 03 3 0.063 3 5.33 1.33 5.00 24.33 
14 112,000 ss + 22,400 ww O. 1463 0.130 4.67 2.67 5.67 30.33 
15 224,000 ss + 44,800 ww O. 1883 O. 123 8.00 3.33 3.00 24.33 
P and N interaction 
16 112 N + 56 p4 0.072 0.042 2.00 1 .33 1 .33 16.67 --' N 17 896 N + 56 P 0.081 0.050 11 .67 1 .33 6.67 60.00 3 U1 
18 112 N + 192 P 0.072 0.036 1.33 2.17 1 .67 17.33 
19 896 N + 192 P 0.078 0.049 6.33 1 .17 6.33 57.00 3 
Control 
20 o N + 130 P 0.075 0.035 1.33 1 .00 3.33 12.67 
LSD (P:;:0.10) 0.010 0.017 12.27 3.86 10.90 22.80 
lAverage of three replications. 
2N applied as NH 4 N0 3. 
3Significantly different from the Control Treatment (20) at the 10 percent level. 
4p applied as triple super phosphate. 
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There was considerably less nitrate nitrogen in the subsoil than in 
the topsoil as expected in most treatments. The first three wood waste 
treatments (9, 10, and 11) apparently immobilized nitrate since there was 
less nitrate in these plots than in comparable plots (5, 6, and 7) without 
wood wastes. Nitrate content in the high N treatments (7, 8, and 12) of 
the topsoil plots and number 12 of the subsoil plots were significantly 
higher than the controls at the 10 percent levelo 
The ammonium nitrogen content of the subsoil subplots generally was 
higher than the topsoil plots. This may have been due to a higher 
nitrifying bacterial population in the topsoil than in the subsoil. 
Measurements of nitrifier populations in the subplots by Dr. Klein of the 
Department of Microbiology (CSU) next summer could verify this hypothesis. 
Only topsoil treatments 3, 8, and 12 were significantly different than 
the control. The high N treatments were 8 and 12. Treatment 3 was a 
relatively low N application subplot. The reason for higher ammonium 
content in this subplot than all the other subplots is not known. Subsoil 
treatments 8, 12, and 19 were all significantly higher in ammonium nitro-
gen than the control and were all high N treatments. There was more 
ammonium nitrogen in the high N with wood wastes than the high N without 
wood wastes for both topsoil and subsoil subplots. 
An evaluation of the total nitrogen added as inorganic N or as 
sewage sludge compared to that accounted for in the soil and plant 
analyses shows that much of the N was lost from the soil by leaching, 
denitrification, plant uptake, or was not measured due to potential 
sampling and analytical errors. Since the precipitation in the Picenace 
Basin is relatively low and the soil was not saturated for a long period 
of time, leaching and denitrification do not seem likely. However, we 
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are going to sample the soil (in the spring of 1979) to at least 61 cm 
to determine if nitrates are leaching. 
Total N in the Grasses 
Four high nitrogen treatments (11, 12, 17, and 18) in the subsoil 
subplots showed a higher N content (Table 13) in harvested grasses than in 
grasses from the control. In topsoil subplots 5 and 13 the grasses 
utilized lower quantities of N than in the control. A logical explana-
tion of this is not apparent at this time. There were no significant 
differences in total N in the grasses due to any of the other treatments 
on the topsoil. 
The amount of total N taken up by the grasses falls far short of 
accounting for all the N added to the plants by sludge or fertilizer. 
Large quantities of the N in the system have been lost or are unaccounted 
for. This problem in part may be due to the difficulty of analyzing 
different forms of nitrogen in the soil. 
Vegetation Evaluation 
A subjective evaluation of plant growth (Table 13) due to the 
various fertility treatments was made on each subplot early and late in 
the 1978 growing season. It consisted of a visual observation estimating 
a composite of plant frequency, dnesity, and cover. Values were assigned 
ranging from one to five with five being the best plant response and one 
being the poorest response. Although a valid statistical analysis is not 
feasible, it appears that plant growth in topsoil treatment 12 was less 
than plant growth in the control. This may be caused by over fertiliza-
tion and a high wood waste application. Topsoil treatments 5 and 19 
(high Nand P) were evaluated as better than the control (Table 13). The 
Table 13. Total nitrogen in grasses, plant yields, and subjective evaluations on 1978 plant samples. 
Total Nitrogen Dry Weight Yield l Subjective in Grasses 
No. Rate of Treatment (%) (kg/ha) Eva1uation
2 ,3 
(kg/ha) 
Topsoil Subsoil Topsoil Subsoil Topsoil Subsoil 
Annual rates of N4 
1 56 N 2.17 1.50 854 556 2.75 3.25 
2 112 N 2. 17 1.40 326 748 2.40 2.92 
3 224 N 2.27 1.80 387 413 1.83 2.58 
4 448 N 2.10 1.53 632 620 2.67 2.67 
Sing1~ rates of N --I 
N 
(X) 
5 224 N 1.955 1.905 720 512 3.50 2.67 
6 448 N 2.13 1.935 784 338 2.33 2.67 
7 896 N 2.30 1.935 420 214 2.83 1.75 
8 1,793 N 2.25 1.905 392 171 1.67 1.42 
Single rates of N as above 
Q1us wood wastes {wwl 
9 224 N + 11,120 ww 2.23 1.50 612 532 2.33 2.75 
10 448 N + 22,400 ww 2.27 1.83 308 728 2. 17 2.83 
11 896 N + 44,800 ww 2.45 2.005 240 436 1.75 2.17 
12 1,793 N + 89,700 ww 2.43 5 173 167 1.08 1.42 
Table 13.--Continued 
Total Nitrogen Dry Weight Yield l Subjective 
Rate of Treatment in Grasses Eva1uation2,3 No. (kg/ha) (%) (kg/ha) 
Topsoil Subsoi 1 Topsoi 1 Subsoil Topsoi 1 Subsoi 1 
Sewage sludge {ss) + ww 
13 56,000 ss + Oww 1.975 1.68 872 696 3.00 3.75 
14 112,000 ss + 22,400 ww 2.10 1.30 594 764 3.00 3033 
15 224,000 ss + 44,800 ww 2.23 1 .67 892 485 2.50 3.67 
P and N i nteracti on 
16 112 N + 56 p6 2010 1.75 640 464 3.00 2.50 
17 896 N + 56 P 2.23 2.575 535 245 2.67 1.58 
18 112 N + 192 P 2.27 1.40 428 679 2.17 3.75 
19 896 N + 192 P 2.13 2.035 820 370 3.58 1.85 N ~ 
Control 
20 o N + 130 P 2.25 1.53 416 648 2.33 2.75 
LSD (P~O.lO) 0.24 0.36 n.so 345 
lAverage of three subsamples in three rep1ic~tes. 
2Average of three replicates over two sampling times. 
3Evaluated on the following criteria: (1) no growth or scattered, single plants; (2) sparse stand; 
(3) patchy stand or rows not uniform; (4) fair stand; (5) good stand plus high vigor. 
4N applied as NH4N0 3 
5Significantly different from the control (20) at the 10 percent 1evelo 
6p applied as triple super phosphate. 
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three treatments involving sludge appeared to have better growth than the 
control. These observations roughly parallel the herbage data for sludge 
treated soils (Table 13). 
The subsoil plots showed different growth trends than the plots with 
topsoil over spent shale. The sludge treatments on the subsoil plots 
resulted in the highest evaluations. In addition, treatments 1, 2, 13, 
14, 15, and 18 also showed a positive response when compared with the 
control. Treatments 3,6, 7, 11, 12, 16, 17, and 19 were all evaluated 
lower than the control. Most of these treatments included excessively 
high rates of N with the exception of treatments 3 and 16. 
An evaluation of the effect of the wood residues on plant density 
and maximum height was made on treatments (5, 6, 7, and 8) with low to 
high rates of N and on treatments (8,9,10, and 11) with the same low to 
high rates of N plus wood wastes using a two-way analysis of variance. 
In these treatments it was evident that the lowest plant density and 
height occurred on the topsoil plots treated with the highest levels of 
nitrogen and wood waste (treatments 11 and 12). It appears that the wood 
residue is causing a decrease in plant growth because the height and 
density on the subplots with high nitrogen without wood residues (7 and 8) 
are not significantly different than the control at the 5 percent level. 
The reason for the detrimental effects of the wood residues may be due to 
the phytotoxic effect of compounds they contain, the effect the wood 
residues have on the moisture regime, or the immobilization of nitrogen 
due to the high C/N ratio. The latter ;s unlikely because the high levels 
of nitrogen added initially provide more nitrogen than is needed to over-
come any effects of immobilization. These hypotheses will be investigated 
during the coming growing season. 
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Legume Plot 
The legume study has the same basic objectives as the fertility 
treatments on topsoil over spent shale and subsoil, but takes a different 
approach to the problem of adding nitrogen to a deficient soil through 
natural plant fixation. According to Woodmansee et ale (1979) in a 
western grassland situation, 
Nitrogen availability is considered to be largely controlled by the 
cycling of N within living plants and by mineralization of easily 
decomposable organic matter. Only 4 to 13 percent of the N require-
ments of plants may be supplied from external sources. 
The feasibility of adding N from within the living system is therefore of 
major interest. 
A viable and balanced soil microbial population is recognized as 
important in establishing and maintaining adequate N fertility in dis-
turbed soil. This aspect of the soil environment is closely tied to this 
study as the growth and development of bacteria from the genus Rhizobium 
will determine the effectiveness of the legumes in fixing atmospheric 
nitrogen. 
The Legume Plot was established in 1978 in conjunction with the 
Long-Term Fertility Plots. It is a randomized block design with 14 
species t~eatments, 3 levels of fertility, 2 soils, and 3 replications 
(Figures 40 and 41). 
The test plot was constructed by first removing the vegetation from 
the site. The topsoil and subsoil were then removed and stockpiled 
separately. The area was excavated to a total depth of 61 cm and the 
grade leveled from east to west. Soil was replaced so that each repli-
cate contained both a subsoil and a topsoil treatment in a random order. 
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Subson 
5 4 14 
6 2 3 
3 9 3 tit 
2 8 12 
.; 
", 
10 3 13 .t: "" 
9 7 7 ~ <II 
8 5 5 -5 0 
2 12 6 ... Q 
11 14 4 = ~ 
7 11 2 .... <G 
:J 
14 1 9 -<G > 
12 10 10 ~ 
13 13 11 
1 6 1 
C B A 
Topsoil 
3 8 13 
13 4 7 
4 10 10 ~ 
14 I 5 5 
~ 5 3 1 VI 
10 14 3 ~ <II ..: 
~ 12 12 Q 
1 1 I 6 ... 0 
12 6 2 = ~ 
8 7 9 .... ", 
:J 
'6 2 4 ", > 
11 9 11 ~ 
- 2 11 8 
7 13 14 
c a A 
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1 • Utah sweetvetch 
2 • Utah sweetvetch plus inoculum 
3 = Penngift crownvetcn 
4 = Lutana cicer mil kvetch 
5 = Eski sainfo;n 
6 • Ladak alfalfa 
7 = Utah sweetvetcn and grass 
a = Utah sweetvetch plus inoculum and grass 
9 = ?enngift crownvetch and grass 
10 • Lutana cicer milkvetch and grass 
11 • Eski sainfoin and grass 
12 • Ladak alfalfa and grass 
13 • grass 
14 • grass 
Fertil ; ze,. Ra te 
A. a leg N/ha 
B .. 56 kg N/ha 
C • 112 kg N/ha 
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A 5 m border was left between each soil treatment to insure a homogenous 
soil type. 
After construction was completed, the soil was sampled in each panel 
to a depth of 30 cm with a soil probe. The results of analysis for total 
N, plant available P, pH, and salts are listed in Table 14. Total subsoil 
nitrogen is lower than topsoil N, as expected, and there are no large 
differences in soils between replicates. Salt levels are higher in sub-
soil, which may be a problem for the growth of some legumes with a low 
salt tolerance. Native P was very low. 
To correct the phosphorus deficiency, the plot was fertilized at 
190 kg P/ha with triple super phosphate in September 1978. Fertilizer 
was applied with a cyclone-type spreader and disked in. This high level 
of phosphorus should prevent P deficiency symptoms in the legumes through-
out the duration of this study. 
The plot was seeded approximately six weeks after fertilization and 
seedebed preparation to allow the fluffy soil to settle and form a crust. 
Table 15 lists the species planted, the seed source, and the inoculum 
treatment. The legumes were broadcast seeded at a rate of 430 seeds/m2 
(40 seeds/ft2) on a lightly raked seedbed. Inoculum was mixed with a 
small quantity of soil and sprinkled over the subplots. The area was 
again lightly raked to cover the seeds and distribute the inoculum. The 
legume-grass mixture (Table 16) was seeded at the same density, divided 
equally between legumes and grasses. Portable wooden frames the dimen-
sions of each subplot (2x2xO.03 m) were placed around each subplot during 
seeding as a guide to seed placement. 
Along the outside panels of each replicate several additional strains 
of each legume, plus lupine seed collected near the Intensive Site were 
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Table 14. Results of soil tests following legume plot construction. 
Topsoi 1 Subsoi 1 
~ ('I") ~ ('I") I:: .f-J a.. .f-J a.. 
0 s- .,... E .,... E .,... QJ > a.. :z: > a.. z .f-J N .,... a.. .,... a.. to .,... .f-J ,..... .f-J ,.... 
U ,..... U " to U " to .,... .,... ~ ('I") .f-J ~ ('I") .f-J ,..... .f-J "'C 0 0 "'C 0 0 a.. s- I:: U l- I:: U I-QJ QJ ::::: 0 to ::::: 0 to 
0:::: I.J... a.. u z Ct~ a.. u z ~ 
I AA 8.3 0.6 3 0.076 8.3 1 .9 3 0.058 
A 8.2 0.8 4 0.079 8. 1 1 .4 4 0.053 
B 8.0 0.6 4 0.080 8. 1 1 .7 3 0.058 
C 8.0 0.5 4 0.079 8.0 1 • 1 2 0.058 
II AA 8.0 0.6 3 0.076 8.2 1 .2 2 0.060 
A 8. 1 0.6 4 0.077 8.0 1.4 2 0.058 
B 7.9 0.6 4 0.076 8. 1 1.4 2 0.054 
C 8.2 0.5 4 0.078 8.0 1 .0 2 0.059 
III AA 8.0 0.6 3 0.078 8.2 1 .0 3 0.063 
A 8. 1 0.5 6 0.076 8.3 0.8 4 0.066 
B 8.0 0.7 4 0.080 8.0 0.7 4 0.066 
C 7.9 0.5 4 0.079 8.0 0.9 3 0.071 
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Species Seeded and Source 
Hedysarum boreaZe utahensis 
Utah sweetvetch, Stewart and Sons 
Hedysarum boreaZe utahensis 
Utah sweetvetch, Stewart and Sons 
Coroni lla varia 
Penngift crownvetch, Northrup King 
AstragaZus aiaer 
Lutana cicer mil kvetch, Northrup King 
OnobrychisviciaefoZia 
Eski sainfoin, Northrup King 
Mediaago sativa 
Ladak alfalfa, Northrup King 
No.1 plus native grass mixture l 
No. 1 plus native grass mixture 
No.3 plus native grass mixture 
No.4 plus native grass mixture 
No.5 plus native grass mixture 
No.6 plus native grass mixture 
Native grass mixture 
















lRefer to Table 16 for a list of the grasses in the native grass 
mixture. 
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Table 16. List of native grasses used in grass-legume seed mixture. 
Common Name 
1 . Rosana western wheatgrass 
2. Sodar streambank wheatgrass 
3. Bearded b1uebunch wheatgrass 
4. Indian ricegrass 
5. Green needlegrass 
6. Durar hard fescue 







Festuaa ovina durisauZa 
Poa ampZa 
l~ 
row seeded (Table 17). These species will be studied for adaptation to 
the Piceance Basin area in conjunction with Dr. Cuany of the Department 
of Agronomy. Dro Klein will conduct acetylene reduction analysis to 
determine the N2 fixing ability of the legumes. Roots will also be 
examined for nodulation. 
Plants will be sampled in late summer and analyzed for total 
nitrogen. Soil will be sampled annually and analyzed for total N, pH, 
salts, and ammonium and nitrate nitrogen to determine the effect of 
legumes on the nitrogen content of the soil. 
Summary 
During the first growing season the native species mixture 
established a good stand on most of the fertility treatments, with the 
exceptions of rows that were missed in the seeding operation. Second-
year data should provide greater insight as a more uniform stand is 
established. The topsoil and subsoil plots are affected differently to N 
fertilization, as seen by comparing ammonium nitrate contents of each soil. 
This may be due to differences in the soil microbial population which will 
be monitored beginning in the spring of 1979. Some N has been lost from 
the system and this may be a problem in determining the efficiency of 
nitrogen use by plants. Due to the nature of this study in comparing 
initial application of N fertilizer with annually applied treatments, 
publishable information is not expected until data from subsequent growing 
seasons are obtained. 
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r4i nor Stra ins 
(in rows) 
Stewart's, ISS, E/ISS, pipeline 
Ladak 
Lutana, C-4, Dotzenko, Strohman, 
Sugarbeet-2, Wellington, 20-15, 
Penngift, Emeral, Chemmy 
Eski, Melrose, Remont 
031, 142, 225, 232 
Kaneb 
San Luis Valley 
1With and without local soil for rhizobia inoculum. All others are 
preinoculated with the most appropriate inoculumo 
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SUITABILITY OF NATIVE SHRUBS AND FORBS FOR SHRUBLAND RESTORATION 
DESIGN: THEIR POSSIBLE GENETIC VARIABILITY AND 
COMMUNITY-HABITAT RELATIONSHIPS 
Personnel: Dr. R. T. Ward, Professor 
Dr. R. L. Dix, Professor 
Mr. William Slauson, Research Associate 
OBJECTIVES 
This study has two parts: (1) to describe and interpret the 
naturally occurring, ecological-genetic variation of some important 
species in relation to the environments of different sites where they are 
found and (2) to describe and interpret the naturally occurring phyto-
sociological structure in relation to its placement on the landscape. 
The first will contribute to final recommendations concerning which 
population characteristics to emphasize in species mixtures for indi-
vidual sites. The second will provide the essential vegetation structure 
useful for reclamation design where the goal is reestablishment of stable 
and diverse communities similar to pre-mining conditions. 
PROGRESS TO DATE 
Part One--Ecotype Study 
The study of variation.among populations of a species derives most 
of its infonnation from plant responses in a common garden, now 
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established at the Intensive Study Site with shrub~ grass, and forb 
species. Plant responses in a common environment can be partitioned into 
those having a genetic basis for differences and those due to plasticity 
of expression of a common genotype. Attributes which differ genetically 
among populations of a species and which may be closely related to suc-
cess on specific sites include phenology, differential resource investment 
in height, leaf and reproductive growth, drought modifications, and 
juvenile success. Measurements on all but the last have begun in the 
garden, and evaluation of the latter has begun in growth chamber 
experiments. 
The actual hypotheses tested here have the form that there are no 
genetic differences between populations from different environments for 
these attributes. Rejection indicates that there are such differences. 
Correlation of these differences with differences in the native environ-
ments and interpretation in terms of environmental selection then becomes 
the basis for matching different ecotypes as reclamation materials with 
the different sites to be reclaimed. 
Methods--Field 
Populations of six shrub, two grass, and one forb species were 
transplanted into a common garden (0.25 ha) at the Intensive Study Site 
in the Piceance Sasine Species are represented by three (AtripZex 
aanesaens) to 25 (AmeZanahier aZnifoZia/utahensis) 1 populations--with 
mostly eight individuals from each population. Each species is repre-
sented by different populations within the Piceance Basin and from other 
areas of Colorado and southern Wyoming (Table 18)Q 
ITaxonomic gradation have led us to treat these taxa as one entity. 
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Table 18. Number of populations and individuals in the common ecotype 
garden at the Intensive Study Site. 
Number of Populations 
-s:: 
'r-
(/) Number of ct3 
Species !Xl Individuals 
Q) Per Population U ..-s:: ct3 
ct3 s::: 
..-Q) 0 ..-
ct3U 'r- ct3 
U-r- ~ 1-l 
00. Q) 0 
...J- e::: f-
AmeLanahiep aZnifoZia/utahensis 20 5 25 8 
AtripZex aanesaens 2 1 3 10 
Ceratoides (EurotiaJ Zanata 6 1 7 8 
Ceraoaarpus montanus 4 5 9 6 
PuPshia tridentata 4 2 6 6 
Symphoriaarpos opeophiZus 15 5 20 4-8 
KoeZeria aristata 5 3 8 8 
Qryzopsis hymenoides 11 4 15 6 
SphaeraZaea aoaainea 7 2 9 8 
TOTAL 74 28 102 
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After initial establishment as rooted cuttings, transplants from the 
field, or seedlings the plants to be put in the garden were maintained 
in a lathhouse a Colorado State University. Each species was located in 
its own block in the garden, and all individuals were randomly placed in 
centers within the block (Figure 42). 
Individual plants were given two liters of water and shaded 
throughout the summer by a shingle on the southwest side. Watering was 
done by gravity·fed, hand-held garden hose running from a 1,700 gallon 
tank located near the garden. To aid establishment plants were watered 
twice a week and later once a week with one liter per watering. Because 
of different requirements, watering of some species (e.g., AmeZanahier 
and Symphoriaarpos) continued to the end of August, 1978, while only 
three or four waterings were required by others (e.g., AtripZex and 
Ceratoides). Water will be added during the coming season only if 
necessary to keep the plants alive, and then all populations of a species 
will continue to be treated alike. 
Protection from small mammals was provided at first by individual 
wire mesh cages staked around each plant. Later, a four foot hardware 
cloth fence (with two feet buried) was placed around the entire garden, 
and the cages were removed. Weeding between plants was easily done by 
hoeing. 
After establishment each plant of the shrub and forb populations 
was measured or rated at least once for various characteristics which 
included leaf length and width, plant height, number of stems and leaves, 
phenological condition, and vigor (Table 19). It requires about three 
mi-nutes per shrub plant for two people to measure and record leaf length 
and width of ten leaves per plant, number of leaves and stems per plant, 
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Figure 42. Map of common garden at the Intensive Study Site. (Shown is the total number of 





Table 19. Characteristics for baseline measurements scored for every 
individual in the ecotype garden. 1 
en 
OJ en 
> E ro OJ 
OJ ~ ~ 
.s= ...J V1 .s= 
~ .s= C"l 
Species C"l ~ 4- 4- .,.. >., c ~ 0 0 OJ Oi 
OJ .,.. :J: C 
...J ::: s.. s.. ,.... 
OJ OJ ~ 0 
4- 4- .J:l .J:l C C 
ro ro E E ro OJ 
OJ OJ ::::s ::::s ,.... ..c 
...J ...J Z Z c.. c.. 
AmeZanchier aZnifoZia/utahensis x x x x x 
AtripZex canescens xx xx xx xx x 
Cera toide s (EurotiaJ Zartata xx xx X 
Cercocarpus montanus x x x x 
~shia tridentata x x x x 
SymphoricCL~oS oreophiZus x x x x x 
SphaeraZcea coccinea x x X x 
ITwo marks mean measurements were taken at two different times, 
approximately one month apart. Leaf length and width were measured for 
ten leaves per plant to the nearest mm. Plant height was measured in mm. 
Phenology was scored as vegetative only, flowering or fruiting. 
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and plant height. This extends, for example, to ten hours each for two 
people to record these characteristics for the individuals of Amelanahier 
in the garden. 
For analysis the length and width of leaves will be combined for 
additional understanding. Their product provides an index of leaf area 
and of the amount of surface exposed for evaportranspiration and devoted 
to photosynthesis, and dividing the length by the width gives an index of 
leaf shape. All of this information will provide the basis against which 
to measure data to be collected this next growing season. 
Since all individuals for each species were subject to common 
treatment, the initial data may be a first indication of ecotypic dif-
ferences among populations of a species. 
The environment of each population collection has been characterized 
by 16 measures. These are listed and defined in Table 20. 
Methods--Analysis 
The methods of analysis fall into two groups. First, as in most 
ecotype garden studies, analysis of variance followed by a multiple 
range test is used to find out if there are statistically significant 
differences among the populations and to locate the differences. The 
differences can then be compared with differences in the original envi-
ronments of the populations by correlation and regression. However, 
since our purpose goes beyond this in application to reclamation, a 
second kind of analysis is called for. 
Basically, our intent is to find the interrelationships of three 
different and large sets of variables. These are the population vari-





















Environmental characteristics evaluated for each ecotype 
collection site. 
Characteristics and Scalars 
Elevation, m 
Topographic position, scaled 1-5, upland to 
valley bottom 
Percent slope, measured in field 
Azimuth scalar, NE = 1, SW = 0 
Annual precipitation, cm l 
Annual temperature, °Cl 
Warm season ppt, cm/Apri1-September 1 
Percent of ppt occurring in warm season 1 
Growing season length 1 
Latitude, oN 
Longitude, oW 
Solar horizontal equivalent latitude, °N2 
Solar horizonal equivalent longitude, °W2 
Radiation index2 
Total annual potential insolation2 
Total potential insolation June 222 
lWeather information for sites within the Piceance Basin are 
estimated from water balance equations developed for that area by 
Wymore (1974). Nearest weather station records provide the values 
for all other sites. 
2From tables in Frank and Lee (1966). 
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them), the environmental variables characterizing the original collection 
site, and those characterizing the community. Multivariate methods are 
suggested for this kind of analysis since they can be used to 
1. Simplify large sets of data, 
2. Generate hypotheses concerning interrelations of the variables, 
3. Give correlations between two or more sets of data, and 
4. Generate new measures of indices for populations which effi-
ciently summarize multivariate variation. 
Biologically these features will aid interpretation of the ecotype garden 
study, respectively, by 
1. Giving a simple structure of the intercorrelations of the 
biological variables measured, 
2. Suggesting hypotheses concerning, for example, the trade-offs 
between reproductive and vegetative growth or between growth in 
size versus production of phytosynthetic surface, 
3. Giving, for example, a way to see how the variation from ecotype 
to ecotype corresponds with structural variation from community 
to community, and 
4. Assigning to the different ecotypes values indicating, for 
example, their relative adaptation to different kinds of sites. 
Initial analyses of some of the garden and environmental measurements 
using, for example, principal component analysis, factor analysis, or 
canonical correlation analysis will be reported on below. Since the data 
collected to date in the garden represent only a fraction of the data 
anticipated, the presentation of results will be uneven but illustrative 
of the different kinds of analyses to be undertaken. For the full data 
set all appropriate analyses will be carried out. 
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Results 
The discussion .of results here has two purposes. First, to show 
that even the preliminary information we have suggests that there are 
ecotype differences within species of Amelanchier~ Purshia~ Symphoricarpos~ 
and Cercocarpus. Second, to briefly indicate some methods of data 
analysis that will show how discovery and interpretation of ecotypic 
variation can be applied to reclamation. 
Amelanchier aZnifoZialutahensis 
Ten of the 25 populations of AmeZanchier were grown from seed and 
transplanted as six-month-old seedlings. All but two of these originated 
in the Piceance Basin. Measurements of leaf length and width of two 
leaves of each eight individuals showed significant differences among the 
ten populations for these characteristics (Table 21). 
In order to locate the differences, Duncan's multiple range test was 
performed. The results indicate a gradient of genetic differences with 
significance (.05 level) absent from numerically close populations but 
present for more distant populations. If further data and analyses bear 
out these results, then genetic differentiation would be indicated. 
Ecotypic (or ecoclinal) differences need to be interpreted in terms 
of the environment which selects and maintains the population differences. 
Our full approach will include, among other techniques, regression 
analysis of ecotypic differences with differences in the original envi-
ronments of the plant populations. In this report we will present some 
results of correlation analysis. Table 22 gives the correlation coeffi-
cients (r) between leaf lenqth and width, and these values with various 
environmental properties. No significance testing was done since the 
values were calculated using population means rather than raw data. The 
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Table 21. ANOVA tables of ten populations of Amelanehier alnifolial 
































Table 22. Correlation of leaf lenqth and width of Amelanchier alnifolial 
utahensis seedlings grown in the ecotype garden with various 
environmental factors defined in Table 20. 
Leaf Length Leaf Width 
Leaf width .93 1 .00 
Elevation .09 -.06 
Aspect - . 13 - .12 
Topographic pos; t;on .29 .53 
~~arm season ppt -.59 -.42 
Radiation index .33 .35 
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correlation of leaf length and width is very high with strong evidence 
that there are large-leaved and small-leaved populations. 
Elevation and slope aspect of the collection sites show no 
correlation with leaf length or width. Features of the environments of 
these populations that vary with elevation or aspect, therefore, are 
probably not actively selecting these ecotypes. Warm season precipita-
tion, radiation index, and topographic position, however, are correlated 
with leaf size. The correlation of 0.53 between leaf width and topo-
graphic position (although not high) indicates that broader. (also longer) 
leaves tend to be found in populations occupying lower slopes and valley 
bottoms rather than upland areas. 
The biological meaning of this correlation is still uncertain. In 
fact, the negative correlations (-0.59 and -0.42) between leaf size and 
growing season precipitation indicate drier areas have populations with 
larger leaves. This is contrary to what might be expected on the basis 
that smaller leaf sizes in more xeric situations help to minimize water 
loss. Additional characteristics relevant to water loss will be measured 
(e.g., pubescence, stomate distribution and density) and incorporated 
into interpretations. 
PuT'shia tPidentata 
The four populations of Purshia in the ecotype garden were measured 
for leaf length and width. Different sites were represented by six to 
eight individuals, and 10 leaves per plant were measured. Since the 
measurements were taken soon after transplanting (over the period from 
early July to early August) indications of genetic differences must be 
considered quite tentative. 
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Analysis of variance of leaf area index showed significant 
differences (.025 level) among the populations for this character. 
However, only one population is responsible for the difference. It has 
an average leaf area index of 121 mm2 compared to 66, 72, and 72 mm 2 for 
the other populations. 
Symphorioarpos oreophiZus 
This species is currently represented in the garden by 17 populations 
which were measured for leaf length and width, number of stems, number of 
leaves, and plant height. Rather than report here on variance analysis 
the opportunity is taken to present a different way in which we have 
analyzed the data. Five population variables (leaf length, width, area, 
shape, and plant height) were subjected to a principal component analysis. 
The first component extracted (Principal Component One or PC1) accounts 
for 72 percent of the variation among the variables and is strongly related 
to leaf size and plant height (Table 23). The second component (PC2) 
accounts for an additional 22 percent of the variation and is strongly 
related to leaf shape. Thus, 94 percent of the variation present in the 
five original variables is effectively summarized by these two newly 
defined varia~les--the first two components. Next year when more vari-
ables are added to this model, it is anticipated that the percentage 
variance accounted for by any single axis will go down, but the advantage 
of having a few variables (i.e., the principal components) summarizing 
many measured variables will be retained. 
If plant height and leaf length are plotted against PC1, the 
summarizing effect can be seen (Figure 43). Leaf length and plant height 
correlate with one another (-0.77); however, each is more highly corre-
lated with PCl (0.97 and -0.87, respectively). Although not plotted, 
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Table 23~ Correlation (loadings) of characteristics of 17 SyrrrphLJricarpos 
oreophiZus populations to the first principal component (PC1). 
Variable Correlation (r) \vi th PCl 
Leaf length .97 
Leaf width .94 
Leaf area index .98 

























PC) First Principal COIIIPonent 
Figure 42. Relation of leaf length and plant height to the First Principal 





leaf width and leaf area index are also more highly correlated with PC1 
than they are to each other or to length and height. 
These preliminary results suggest that the selective factors 
separating these populations (ecotypes) result in a trade-off between 
growth in height and production of phytosynthetic surface. The newly 
defined variable (PC1) corresponds to this hypothetical factor. Of 
course, this kind of analysis and these interpretations will require more 
adequate data. The purpose here is to show the method of analysis rather 
than to argue for any particular conclusion. 
Populations may be plotted with respect to PCl and PC2 (Figure 44) 
resulting in a simultaneous display of the relationship of plant size and 
leaf shape. Populations differentiated vertically (e.g., 22 and 72) will 
have similar leaf sizes but different leaf shapes. In contrast, Popula-
tions 19 and 55 have similar shape but different sizes. 
Table 24 gives the geographic location of these 17 population sites. 
It can be seen that these particular ecotypic dimensions have no simple 
relation to geography. For example, populations plotted near one another 
in this ecotype space of leaf shape and plant size come from Eagle County 
(Site 38), the northern Front Range (Site 79), and the Piceance Basin 
(Sites 1,22,51, and 74). t~ore complete analysis of this type will help 
in decisions about which populations are interchangeable as source 
material for reclamation. 
Seedling Studies 
A small experiment was conducted to evaluate growth response of 
seedlings of two shrub species under different environmentally controlled 
conditions and to learn more about experimental design for additional 
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PCl plant/leaf size 
Figure 44. Location of 17 populations of SymphorioarpOB oreophiluB in the two dimensions defined 
by the first two Principal Components corresponding to plant and leaf size and leaf 




Table 24. Location of collection sites of 17 Symphoricarpos oreophiZus 
populations. 
Site 
1 Piceance Basin Box Elder Gulch 
3 Piceance Basin Mouth of Cow Creek 
4 Custer County, Colorado Near Wetmore 
5 Routt County, Colorado Near seedhouse 
13 Piceance Basin Square S Ranch 
19 Pi ceance Basin Dry Ryan Gulch 
22 Piceance Basin Corral Gulch 
27 Piceance Basin Tommy's Draw 
28 Piceance Basi n Tommy's Draw 
38 Eagle County, Colorado Near Eagle 
51 Piceance Basin Toomy • s Draw 
55 Larimer County, Colorado Poudre River 
61 Piceance Basin Colling Gulch 
70 Larimer County, Colorado Rist Canyon 
72 Piceance Basin Cow Creek 
73 Piceance Basin Cow Creek 
74 Piceance Basin Cow Creek 
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studies. Seeds of AmeUxnchier alnifolialutahensis were collected at 11 
sites in the Piceance Basin and one site in the Colorado Front Range. 
The Basin sites ranged from south-exposed, dry mesic shrub communities to 
cool, north-facing Douglas fir (PseudOtsuga mensiezii) stands. The three 
collection sites for Cercocarpus montanus included two in the Basin and 
one in the Front Range. The environment of each collection site was des-
cribed by the 16 characteristics listed in Table 20. 
The controlled environment conditions and the species populations 
employed in the different treatments are shown in Table 25.. 
After appropriate pretreatment the seeds of both species were 
germinated on blotters in germination boxes and then planted in commercial 
potting soil in 2.5x2.5x5,cm plastic pots. Individuals which attained a 
sturdy seedling stage of two to four leaves and a height of about 30 mm 
were selected for use in the experiment. Thirteen individuals represented 
each species population in each treatment. Individual plants were labeled 
by code numbers and randomly positioned in the composite of all 
individuals. Plants were watered as generally needed, but in equivalent 
amount for each treatment. 
Initial measurements and notes on conditions were taken on July 10, 
1978, at the time the seedlings were placed in the controlled environment 
chambers, and every ten days until the middle of August, 1978. Measure-
ments were made of seedling height (soil surface to base of highest leaf), 
width of widest leaf, and length of longest leaf. 
Ame~hier alnifolialutahensis 
Related to the combinations of temperature and light conditions, 
three patterns of height growth were evident: 
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Table 25. Species populations employed to examine seedling responses to 
controlled temperature and conditions. 
Warm Temperatures 

















Amelanahier alnifolial Amelanahier alnifolial 
utahensis utahensis 




1. Significant differences in height growth were recorded among 
populations under warm temperatures, but not under cool 
temperatures. 
2. Most populations grew considerably more in warm versus cool 
temperatures, indicating plasticity of response, and 
3. Neither genetically-fixed response differences nor plasticity 
could be related to the different light conditions. 
Growth increments in AmeZanchier under warm temperature-high light 
ranged from an average of 5.4 to 16.8 cm but only from 3.1 to 4.4 cm 
under cool temperature-high light. Under low light and warm and cool 
temperatures the average values for all 12 populations were 3.3 to 29.2 cm 
and 3.2 to 5.9 cm, respectively. Analyses of variance showed the differ-
ences among populations under warm temperatures to be significant, but 
not significant under cool temperatures. The cool temperature regime may 
be near the minimum for all populations studied, resulting in a general 
depression of growth and small response differences. Under warm tempera-
tures the populations responded differently and, if placed in habitats 
with similar temperatures, could be expected to maintain these differences. 
The relationship of response to collection site characteristics has 
not been fully evaluated, but a general trend of less stem growth and 
larger leaves with lower elevations is suggested. These same character-
istics also showed some positive relationship to more shaded conditions 
in aspen (Populus tremuloides) and Douglas fir stands which, in terms of 
resource allocations, could be of selective advantage. 
Cercocarpus montanus 
For this speices the average growth increments in height and leaf 
width and length were, with one exception, markedly greater in the warm 
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temperature regime. Comparing warm and cool conditions, two populations 
showed greater differences in leaf size while one showed more difference 
in stem growth. 
Analysis of variance of the change in height growth in the two 
regimes indicated highly significant differences, and a IIt-test" showed 
that two of the three sites were not different--but, each was signifi-
cantly different from the third population. Interestingly, the different 
population was one of the two from the Piceance Basin and not the widely 
disjunct Front Range population. 
Correlation of the growth chamber responses with the environments of 
the populations' original sites indicates that the population growing the 
most in height in the warm regime has an environment with a higher radia-
tion index and less annual precipitation than that of the other 
populations. Conversely, those populations growing significantly more in 
the cool regime come from environments receiving less insolation and more 
moisture. This suggests the possibility of selection by factors related 
to radiant energy, ambient temperature, or moisture conditions. It must 
be recognized that the small number of populations investigated increases 
the chance of high correlation-with such factors. 
For both Ame~hier and Cercocarpu8 the results of the limited 
experiments indicate the likelihood of obtaining useful information on 
ecotypic differentiation and tolerance plasticity in seedlings. Tempera-
tures between the warm and cool regimes used and somewhat above the warm 
would add to the picture for Amelanchier, with the possibility of step-
wise increases in both regimes over the period of the study yielding 
additional benefit. 
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Summary of Ecotype Phase 
The ecotype study has progressed to where there is the first 
evidence for eco-genetic differentiation among populations of AmeZanchier 
aZnifoZialutahensis, Symphoricarpos oreophiZus, Cercocarpus montanus, and 
Purshia tridentata and where a large amount of data is soon to be avail-
able for more complete evaluations. Several methods of analysis have been 
tried, certain of which will substantially benefit the interpretation of 
the adaptive significance of this differentiation and its meaning for 
reclamation. 
Part Two--Phytosociology 
Our description and interpretation of the naturally occurring 
phytosociological structures in relation to their placement in the land-
scape serves two purposes. The first is to determine and describe the 
natural architecture of the areas' vegetation; this is necessary for 
reclamation design when the goal is the reestablishment of stable, diverse 
communities. The second purpose is to provide a biological context within 
which the interpretation of the reclamation research on the Intensive 
Study Site may be made. The first purpose will serve the ultimate 
reclamation user while the second will serve technical research interests. 
Both, however, are based on the ideas that the groups of species naturally 
found on a site are the best evidence that that kind of community will 
continue to be successful when restored following disturbance and that 
study of the distribution of species over the landscape is the only 
practical way to discover the factors governing community structure. 
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Eighty-four stands of vegetation were sampled during 1978 using a 
sampling regime giving frequencies of herbaceous species in lxl.5 m 
quadrats, cover for shrub and tree species in three height classes on a 
line intercept, and density and basal area of tree species with density 
for three age classes in 2xlO m quadrats. Selected environmental factors 
and the location of each stand were also recorded. Eighteen of the 51 
stands sampled in 1977 were not complete for herbaceous species due to 
the dry season; data for these stands were completed this year. We now 
have a library of 135 completed stands. 
This information covers the range of vegetation variation of the 
predominant landscape units of the Colorado oil shale region. The 
distribution of stands in a broad classification of community types is 
given in Table 26. These stands represent a data base for developing a 
model of the vegetation of the Piceance Basin. For each ecotype collec-
tion site in the Basin there is a corresponding stand which will enable 
correlation between ecotypic and phytosociological variation. This 
correlation will not only aid in the interpretation of population varia-
tion but will form the basis for predictions matching ecotypes to 
specific sites to be reclaimed. The vegetation typical of the Intensive 
Study Site was also sampled in detail to provide analogue stands for 
research plots on the Site. The placement of the analogue stands in the 
phytosociological context of the region will give a basis for understand-
ing the major directions of variation away from the Intensive Study Site--
directions in which the reclamation results obtained on the Intensive 
Study Site will have to be projected. 
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Table 26. The number of stands sampled in broadly defined units of 
vegetation in the Piceance Basin. 
Vegeta ti on Type 
Desert Shrub 
Shrub-Grass Rockland 
Big Sagebrush-Greasewood Bottomland 
Big Sagebrush Bottomland 
Low Elevation Pinyon-Juniper 
High Elevation Pinyon-Juniper 
Pinyon-Juniper Rockland 
Low Elevation Big Sagebrush 
Mid Elevation Big Sagebrush 
High Elevation Big Sagebrush 
Mixed Mountain Shrub 
Grassy Sa lds 
Aspen Forest 
Douglas Fir Forest 
Total 


















The stand library represents a diversity of stand types. Over 200 
herbaceous species, 25 shrub species, and 5 tree species occurred within 
the stand set which gives (if all values taken are included) a data 
matrix of approximately 135 x 270. The best procedure for handling a 
volume of data with this high degree of diversity is to first divide it, 
analyze the smaller units, and then the larger divisions. This procedure 
minimizes the likelihood of the production of spurious and distorted 
dimensions of covar;ation of species across the stand matrix. Accordingly, 
analysis is now progressing through the steps necessary to classify stands 
into more or less homogeneous groups, ordinating each of these groups, 
correlating environmental parameters, determining structural and diversity 
patterns within each group, and finally synthesizing all of this informa-
tion across groups. This lengthy procedure is using a battery of tech-
niques from cluster analysis through reciprocal and weighted averaging, 
principal components analysis, and polar ordination. These results will 
be presented in the final report on this subproject in 1980. 
In the present progress report emphasis is placed on a group of 22 
stands, most of which are located in or near the Intensive Study Site or 
from areas with similar vegetation. Eleven stands occur within or 
immediately next to the Intensive Study Site, three occur about 2 km 
northeast, and the rest are scattered up to 25 km from the Site. The 
Annual Disturbance Plot and the Fertility Study Plot (established in 
summer 1977) were sampled before construction. Eight stands of native 
vegetation were chosen to serve as analogues for specific plots on the 
Intensive Study Site. This was done so that each study plot would have 
an analogue stand for inclusion in the general phytosociologica1 analysis. 
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The analogue stands were chosen for their similarity to specific experi-
mental plots based on matches of slope, exposure, and dominance aspects. 
The environmental measures and scalars calculated for all stands are 
given in Table 27. 
The occurrences and co-occurrences of 42 species contained in even 
this small group of stands is complex enough that inspection of a raw 
data table of species versus stands reveals no clear patterns. Simple 
manipulations of the table (rearrangements of species and stands which 
often yield insights into the data) reveal nothing here. Accordingly, a 
variety of multivariate techniques especially adapted to the extraction 
of pattern in complex data were used here. Results from two rather dif-
ferent analyses are presented. First is a cluster analysis (Figure 45), 
a classification, of these stands based on species composition. The 
technique used is hierarchical and gives relative relationships of each 
stand to every other in terms of their overall similarity. For example, 
it is clear that certain stands on the Intensive Study Site are more 
closely related to stands outside of it than to other stands within the 
Site. This heterogeneity within the Intensive Study Site (note the 
positions of the analogues to the Successional Study Plots) will be 
needed in interpretations of the data obtained from the study plots. 
Second, to gain more understanding of the major differences in species 
composition among these stands a principal components analysis is 
presented in Table 28. Here, groups of species are discerned; each group 
includes species that behave alike in these stands with regard to some 
gradients but are responding independently with regard to other species 









The environmental characteristics and scalars evaluated for 
all stands sampled. 
Characteristics and Scalars 
Percent Slope, measured in field 
Aspect Scalar, NE = 1, SW = 0, = [Cos(AzimuthO-45°)+lJ+2 
Soil Depth 
Elevation, meters 
5 Drainage Regime, 1 = » flow off .5 = « flow off 
6 Topographic Position, 1 = upland, 5 = valley bottom 
7 Growing Season Potential Evapotranspiration, Apr-Oct l 
8 Growing Season Potential Evapotranspiration, Nov-Marl 
9 Total Potential Evapotranspiration = Growing season + 
potential evapotranspiration + dormant season potential 
evapotranspiration l 
10 Annual Effective Precipitation l 
11 Dormant Season Water Deficit, Nov-Marl 
12 Growing Season Water Deficit, Apr-Oct l 
13 Annual Water Deficit = Dormant season water deficit + 
growing season water deficit l 
14 Equivalent solar horizontal 1atitude2 
15 Radiation Index2 
16 Soil Texture, 1 = sands, 5 = clays 
17 Percent Soil Stoniness 
18 Dormant Season Aspect/Slope Scalar 3 
19 Growing Season Aspect/Slope Sca1ar 3 
20 Dormant Season Aspect/S1ope/E1evation/Topography Scalar3 







Characteristics and Scalars 
Full Season Aspect/Slope/Elevation/Togpgraphy Sca1ar3 
Index of Seasonal Differences (Variable 21-Variable 20) 
lEstimated from water balance equations developed for Piceance 
Bas in by \~ymore (1974). 
2Frank and Lee (1966). 
3Low values represent most mesic sites and high values represent 
most xeric sites. 
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Locations 
* Inside or very near Intensive Site 
+ Within 3 km of Intensive Site 
t 8-20 km from Intensive Site 
~ Stand 0 























Study Site P lots 
Successional Study Plot 
SE corner 
Successional Study Plot 
NE corner 
- Plant Materials Plot 
- Ecotypic Shrub Plot 
- Fertility Study Plot 
- Annual Disturbance Plot 
- Successional Study Plot 
H stde 
- Revegetation Technique Plot 
Figure 45. Hierarchical classification of stnads located in and around 
the Intensive Study Site. (Four groups which differ at the 
30 percent relative similarity level are indicated with Roman 
numerals. Stands connected at higher hierarchical levels are 
more dissimilar. 
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Table 28. Factor loadings (correlations) of shrub and understory 
species and environmental variables on the first three 
components from Principal Components Analysis of species 
correlations in analogue stands. 


















Artemisia tridentata (10w)2 
Juniperus osteosperma (low)2 
J. osteosperma {mid)2 
Artemesia tridentata (mid)2 
Sitanion hystrix 
Agropyron smithii 
Agoseris g Zauca 
SphaeraZaea aoaainea 
Stipa (Jomata 
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Elevation -. 14 -.52 -.07 
Percent slope .19 .25 .35 
Variable 82 .33 -.06 .34 
IThe highest loadings on each component are underscored. The 
column IIH211 gives the proportion of the variance of each variable 
(species or environmental measurement) accounted for by the frist 
three components. Total variation extracted by three axes is .42. 
H2 
2 11 Low ll and "midl! refer to percentage cover in height categories 
of less than 0.5 m and 0.5 to 1.5 m, respectively. 
3Refer to Table 27. 
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of species in the data explain the obscurity of pattern in the original 
data matrix. 
The analogue stands can be looked at from two perspectives. On the 
one hand, when compared with the whole range of stands in our data, they 
form a rather homogeneous set. For example, Table 29 gives the ranges of 
selected environmental factors for these stands and for the whole stand 
set. The elevation range is, of course, restricted because of the way in 
which the stands were selected. Ranges of factors reflecting moisture 
and energy regimes, however, are also smaller. This, too, is not surpris-
ing but points to the fact that reclamation techniques developed on the 
Intensive Study Site will have to be applied to areas with important 
environmental differences. 
On the other hand, if the analogue stands are compared to one 
another, community and environmental variation is evident--the stands are 
not uniform. For example, if the stands are classified by their species 
compositions, four rather dissimilar groups can be discerned (Figure 45, 
Roman numerals). Stands chosen to correspond to particular study plots 
in the Intensive Site are indicated. In Figure 45 a pair of stands can 
be compared by counting how high up the hierarchy a path connecting them 
needs to go. For example, Stands 67 and 68 are connected only at the 
highest level which in this case corresponds to a percentage similarity 
separately calculated to be 69 percent. Both of these stands are located 
just outside the Intensive Site and were chosen because their respective 
slope, aspect, and other environmental variables are similar to two areas 
in tne Successional Study Plot. Notice that each of these stands is much 
more similar to stands located much further away geographically (e.g., 
45 and 81). Several conclusions can be drawn from such an analysis, but. 
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Table 29. Extreme values for environmental variables in the set of 
analogue stands and for the set of all stands. (The variables 




Growing Season Potential 
Evapotranspiration, em/Apr-Oct 
Radiation Index 
Equivalent Horizontal Solar 
















one relevant to this subproject is that the variation within the study 
site may be used to show relationships of this site to other areas of 
the landscape. It is such information that we shall pursue during 1979. 
Principal component analysis (PCA) gives a more refined view of the 
interrelationships of these stands since it gives a species and a stand 
ordination simultaneously. The PCA presented here (Table 28) was derived 
from the standardized frequency of 33 herbaceous and standardized cover 
for seven shrub species, two of which were measured in two height classes. 
Table 28 shows the first three components of this analysis. The first 
component accounts for the maximum possible variance in the data, the 
second accounts for the greatest amount of variance not accounted for by 
the first, and so on for successive components. The values (loadings) 
given in the table are the correlation coefficients between the species 
and each component. The column labeled IIH2u is the sum of the squares of 
the correlations of each variable on the three components given and 
expresses the proporation of all the variance for each species accounted 
for by the first three components. The proportion of all the variance in 
the data these components account for is .42. 
Species with H2 less than .02 were omitted from Table 28 leaving 29 
species. Excluding these species here does not mean they are unimportant, 
only that they are responding to gradients not importantly expressed in 
this set of stands. For example, pinus edulus and Saraobatus vermiau-
latus occurred in a few of these stands, but this does not adequately 
represent their distribution across the landscape of the Piceance Basin. 
Further analyses including more stands will accordingly be expressive of 
more species patterns. In fact, the rather high proportion of species 
here whose variance is not related to the general pattern of variation in 
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this stand set is the reason for the low percentage extraction by these 
components. As we include more stands the richness of the data set will 
become more apparent. 
Since each component of the PCA represents an independent gradient 
in the vegetation, the species with especially high or low values on a 
component are the ones most related to it. Species with loadings near 
zero on a component are either not correlated to that component or are 
correlated with it in some nonlinear way. Species with similar loadings 
are responding to the gradient in a similar way while species with 
loadings of opposite sign are negatively correlated with each other in 
their response along that component; they are responding in an opposite 
way to some common factor. 
Table 28 is arranged so that species responding to the first 
component are listed first, followed by those related to the second and 
then the third component. These species sets can be read from the table 
since the highest loadingl:for each component is underscored. For 
example, Bromus teatorum and Antennaria rosea are highly correlated with 
the first component and respond to this gradient in a common way. On the 
other hand, ROZeria aristata is negatively correlated with the first 
component; it is responding in an opposite way. Similarly, HapZopappus 
nuttaZZi, PhZoz musaoides, and Artemisia tridentata are related to the 
second component. Notice that most species are correlated strongly with 
only one of the components, indicating that this vegetation is a mixture 
of at least three independent sets of specieso 
A helpful feature of PCA is that besides the data being factored 
other variables may be included in a way which does not affect the 
extraction of components, but does give their statistical correlation 
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with the components. Thus, environmental variables can be included 
while the resulting principal component space is only determined by the 
vegetational variables. But still, a correlation between the environment 
and each component is obtained. Included in Table 28 are the correlation 
coefficients of selected environmental variables with each component. 
The values are generally low, with soil texture (r=.7 with the first 
component) having the highest correlation found. Investigations to see 
if linear or nonlinear combination of these factors, or perhaps some 
other factor, are more closely associated with the vegetational gradients 
are underway. However, since most species in the area are responding to 
larger portions of the environmental gradients than are represented by 
this limited set of stands, it is not surprising that low correlations 
were found. It would be dangerous to conclude at this time that the 
major factor to which these species are responding is a gradient of soil 
texture, but it is a strong possibility. As more stands are included in 
the analysis (that is, as a larger portion of controlling environmental 
factors are represented) response patterns of species to them will become 
evident. 
The principal species components can also be used to present the 
stand patterns in a graphic way (Figure 46). Here the stands are 
arranged according to species composition. Stands with many species with 
strong positive correlations with the first principal component are 
placed high on the horizontal (or first principal stand) axis of Figure 46; 
stands with many species with negatively high correlations are placed low. 
Intermediate stands (i.e., stands with mixtures of high and low loadings) 
are placed inbetween. A similar procedure was carried out for the 
vertical axis. The analogue stands are indicated by open dircles while 
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PCl 
Figure 46. Display of 22 stands of vegetation in and near the Intensive 
Study Site components. (Stands corresponding to particular 
study plots within the Intensive Site are plotted with 
circles, the rest with points. Stands enclosed by a solid 
line fall within the same group as indicated in Figure 45. 
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other stands are represented by solid dots. The stand groups designated 
in Figure 45 (I through IV) were superimposed on this graph. 
Further interpretation of the stand classification can now be made. 
For example, stands in Groups II contain proportionately more of the 
species negatively correlated with the second species component (e.g., 
Artemisia tridentata) and proportionately fewer of the species with high 
correlation with it (Haplopappus nuttalli). These stands also have 
proportionally more of those species which have correlations near zero to 
the first species component since these stands are near the middle of the 
first stand axis. 
It is also possible to interpret these stand axes environmentally 
as the loadings (correlations) of the environmental factors on the 
species components in Table 28 apply to these stand axes in the same way 
as do the species loadings. For example, the first axis in Figure 46 
corresponds from left to right to variation in soil texture from clay 
loam to sandy loam. 
Summary of Phytosocio10gica1 Phase 
The phytosociologica1 phase of this subproject has advanced to the 
point where virtually all field work is now complete. We have sampled 
135 stands for vegetational and environmental characteristics and 
through preliminary tests have developed a strategy of analysis which 
will provide not only technical insight into the nature of the vegeta-
tional and environmental gradients present in the Piceance Basin but will 
also serve to structure the vegetational architecture in a way that will 
be immediately useful in the reclaiming of mined sites. PreliMinary 
analyses of our data have shown the Intensive Study Site to be relatively 
181 
heterogeneous in environmental and community characteristics; therefore, 
the interpretation of the study plots will have to be made with this in 
mind. This report demonstrates some of the ways in which the phyto-
sociological data will assist this cause and how work on the Intensive 
Study Site may be extrapolated to the landscape of the Piceance Basin. 
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Colorado State University 
ECOTYPIC DIFFERENTIATION IN· SHRUBS RELATED TO GRADIENTS OF 
ENVIRONMENT AND VEGETATION IN THE COLORADO OIL SHALE LANDS 
Six species of native shrubs, with emphasis on Amelanchier 
alnifolia/utahensis and Symphoricarpos oreophilus, are being 
studied for evidence of ecotypic variation related to 
gradients of environment and vegetation. Plant materials 
were collected mostly within the Piceance Basin of north-
west Colorado, but some were obtained at distances up to 
500 km from the Basin. Each collection site was character-
ized for integrative environmental factors (e.g., latitude, 
slope direction and degree, soil depth), and vegetation co~ 
position and structure were determined for collection sites 
in the Basin. Uniform environment conditions are provided in 
a common garden in the Basin, and for seedling responses, in 
paired growth chambers. Results show significant intra-
specific differences in phenology, morphology, and growth, 
representing important ecotypic differentiation related to 
abiotic and biotic gradients. To enhance the benefits of 
native species in reclamation, ecotypes reasonably matched to 
segments of these gradients should be utilized. 
This study is funded on DOE Contract No. EY-76-S-02-4018 
Paper to be presented at the Annual Meeting of the 
Ecological Society of America, 
August, 1979 
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Ralph L. Dix 
and 
Will iam L. Slauson 
Colorado State University 
THE INTEGRATION OF EXPERIMENTAL PLOT DATA INTO 
PHYTOSOCIOLOGICAL DISPLAY OF THE COLORADO 
OIL SHALE LAN DS 
Numerous experimental reclamation study plots were 
established as a part of a larger project on a single site in 
the oil shale lands of northwestern Colorado. The experi-
ments include work on native and introduced species, retorted 
oil shale as a medium of plant growth, soil fertility, cul-
tural practices, succession, mycorrhizal fungi and ecotypic 
variation. The purpose of this work is to provide guidelines 
for the reclamation of disturbed lands. The need to extrapo-
late the results from these localized experimental plots to 
the general plantscape has encouraged the development of an 
"analogue ll technique where the experimental pll)ts are matched 
with nearby stands of native vegetation on the basis of close 
environmental characteristics. This report demonstrates some 
of the ways by which these analogue stands and their partner 
experimental plots can be integrated into phytosociological 
displays of the regional native vegetation and into reclama-
tion procedures. 
This study was funded on DOE Contract No. EY-76-S-02-4018 
Paper to be presented at the Annual Meeting of the 
Ecological Society of America, 
Augus t, 1979 
SELECTION OF NATIVE GRASSES AND LEGUMES FOR IMPROVED REHABILITATION 
Personnel: Dr. Robin L. Cuany, Associate Professor 
Mr. Robert Zemetra, Graduate Research Associate 
OBJECTIVES 
This research involves the development of improved plant materials 
for the oil shale region by testing and selective breeding within a small 
number of important species. The hypothesis is that a few improved 
strains of each species could be built from genotypes of local or 
regional origin which would be adaptable in the rehabilitation of diverse, 
stable (self-sustaining), and functional ecosystems. The improvements 
sought are in those traits important to early growth and land protection, 
such as: seed size, lowered dormancy, and better seedling vigor, as well 
as efficient production of seed. These must be achieved without losing 
the ecological adaptation and the role played by these grasses and 
legumes in advanced successional stages. 
Research on selection and breeding of plant materials is programmed 
along the lines of the four objectives summarized as follows: 
1. Collect and assemble germplasm sources, 
2. Evaluate spaced plants in two nurseries, and clonal propagules 
or progenies under controlled stress, for various seed and 
plant characters; produce test seed, 
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3. Evaluate seed progenies at the Intensive Study Site and 
satellite field plantings for survival, vigor, and adaptation, 
and 
4. Use suitable breeding procedures for recombination of parents 
selected by progeny testing to develop improved strains. 
A fifth objective which was included in the original (1976) 
objectives was to coordinate research on best means of multiplying and 
planting improved strains, but this objective is not at present within 
our means. 
PROGRESS TO DATE 
Research on selective breeding and testing of plant materials 
continued in 1978 with a less rapid pace than anticipated by the March 
1978 Renewal Proposal because of a reduced budget. Work was conducted at 
the breeding nurseries and the trials at the Intensive Site, and the 
progress of research in 1978 and early 1979 is discussed under the four 
headings which correspond to the objectives. 
Collection of Germplasm 
Collecting grass seed from native sites has not usually brought the 
quantity needed for direct test seeding in several replications, so an 
attempt to shorten the time involved in nursery plant establishment was 
made in 1978. Pieces of western wheatgrass (Agropyron smithii Rydb.) 
were dug in the Piceance Basin in April for direct transplant to the 
Environmental Plant Center, Meeker. Better fertility and cultural condi-
tions helped the ten plants from each of ten sources to yield a small 
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quantity of seed in August 1978, but not enough for row seeding. Less 
difficulty was experienced with Indian ricegrass (Oryzopsis hymenoides 
(R. & S.) Ricker) which had sufficient seed in five collection sites 
between the Piceance Basin and Grand Junction to allow direct seedings 
in November at the Intensive Study Site. 
Limited success was obtained with collecting lupine seed (Lupinus 
argeneus Pursh and related taxa); out of several dozen collection sites 
four from suitable elevation were ample enough to be seeded in the new 
Legume Test Plot. Most of the seed was reserved for greenhouse nitrogen 
fixation study and seed stock multiplication. 
For the first time in three years it was possible to collect Utah 
sweetvetch (Hedysarum boreaZe Nutt.) at three spots in and near the 
Intensive Study Site, though the supply of seed was hardly sufficient to 
meet all our research needs. 
Evaluation of the Sources in Nurseries 
As stated in last year's report, spaced plant nurseries of western 
wheatgrass and Indian ricegrass are partially duplicated between 
Fort Collins and Meeker, allowing compar;soins for features of seed pro-
duction and seed quality in areas which may well be involved in eventual 
seed multiplication of the improved varieties we are developing. A 
second year of seed harvest data was taken on western wheatgrass plantings 
in Fort Collins, and a first-year collection was made at Meeker. The 
first seed setting year in both locations for Indian ricegrass gave data 
reported hereafter, and will be followed up in 1979 harvests. Poor 
results were obtained with nursery growth of lupine sources at the 
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Fort Collins nursery, but a Meeker planting has been initiated. There 
is a plot of 100 plants of Utah sweetvetch (Stewart's source via Ephraim, 
Utah) which flowered well in Fort Collins but set only one seed pod from 
tens of thousands of flowers. It is suspected that this was due to 
scarcity or ineffectiveness of pollinators. This species also has been 
started in row planting in Meeker for plant-type observations and multi-
plication of seed of our collected strains. Data for the two grass 
species and the lupines are detailed under separate headings as follows. 
Western Wheatgrass 
In addition to the 66 plants of the elite high spread-high seed 
yield selections, replicated three times and maintained at the Agronomy 
Research Center (Fort Collins), we have 42 Piceance Basin collections 
approaching seed-production size. The main accession nursery of 1976 is 
represented by 20 plants of each of 44 sources at the Fort Collins 
nursery, and 15 plants each of 30 of the same sources at Meeker. Second-
season seed harvest was made on the former for comparison with the 
results of 1977, reported last year and in Padilla's M.S. thesis 
(Appendix section). First year harvest at Meeker was made on individual 
plants in each plot, and the analysis of variance of plot means in three 
replications showed highly significant (P<.Ol) differneces among the 
sources for spread, culm number, culm height, spike length, 100-seed 
weight, and total seed yield per plant (Table 30). The only characters 
measured in the Fort Collins nursery were seed yield per plant and 100-
seed weight, but both showed highly significant differences among the 
45 sources (Table 31). 
Table 30. Plant and seed characters of \'Jestern wheatgrass at Meeker, 1978. 
1978 1977 Culm Culm Spike Seed 100 Spread Spread Number Seed Source Rati ng Rating Rati ng Height Length Yield Weight 
(0-4) (1-4) (0-4) (cm) (cm) (g) (mg) 
Varieties 
Arriba 3.31 2.9 2.1 76.6 13.6 20.4 1 505 
Barton 3.0 2.7 2.0 70.6 13.0 22.21 456 
Flintlock 2.0 2.6 2.3 69.9 13.4 12.4 527 
Mandan 456 2.3 2.7 3.21 81.3 13.4 33.71 4.73 




A-13081 2.3 2.7 1 .9 73.4 13.3 6.4 421 
A-16592 3.0 2.9 1 .4 62.8 11 .6 4.3 382 
A-16634 2.3 2.9 2. 1 71.4 12.9 5.5 378 
A-16931 ( ~~ 1 .2 67.4 12.7 3.4 450 BN-19823 ( 1 .3 66.2 14.1 2.2 424 
BN-19824 { )2 1 .6 86.81 16.41 8.2 517 
C-27 2.0 2.6 1 .7 70.2 13.4 13.3 583 1 
Nf~1-429 ( )2 1 .6 80.1 15.81 3.5 476 
P-727 2.7 2.6 1 .5 68.4 14.6 8.3 402 
E6-37 1 .5 2.2 0 .. 9 58.4 13.0 3.3 444 
Collections 
Colo. City 2.7 3.01 3.21 68.9 13.7 22.11 416 
Tincup ( )2 0.9 68.7 12.0 1 .6 466 
TS-l1-11/15 2.0 2.5 1 .9 69.9 12.1 6.0 426 
TS - 11 -1 6/ 20 2.0 2.6 2.0 70.4 12.6 2.3 448 
360 2.0 2.4 2.5 66.3 11 .3 11 .9 415 
Table 30.--Continued 
1978 1977 Culm Culm Spike Seed 100 Spread Spread Number Seed Source Rat; n9 Rating Rati ng Height length Yield Weight 
(0-4 ) (1-4) (0-4 ) (cm) (em) (g) (mg) 
361 1.0 2.2 2.0 63.0 12.0 12.3 442 
370 1 .3 2.2 3.1 80.5 16.41 18.6 470 
372 2.3 2.3 2.4 62.5 12.0 9.4 493 
378 2.3 2.8 2.3 71 .0 11 .0 17.8 432 
385 1 .3 2.1 3.5 1 68.1 12.2 3.5 278 
387 2.0 2.8 1 .6 61.3 10;2 8.3 401 
390 2.3 2.7 1 .4 62.3 11 .6 5.4 388 
399 2.0 2.6 2.1 52.6 9.2 10.5 357 
440 1 .0 2.4 62.3 12.5 0.9 314 --' 
525 2.3 2.4 1 .5 64.5 13.2 6.7 462 \.D N 
Mean (30) 2. 1 2.6 2.1 (24) 68.9 12.9 11 . 1 (24) 442 
( )2 1.4 (6 ) 3. 7 (6 ) 
LSD (.05) 1.0 0.4 1 . 1 (24) 12.7 2.6 10.0 99 
( )2 0.6 (6) 
IIndicates a character significantly above the mean. 
2These six sources were planted late in 1977 so their spread, culm number, and seed yield are not 
comparable with the other 24 sources~ 
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Table 31. Seed production per plant and seed weight of western 

































































































































































lIndicates a character significantly above the mean. 
195 
In both nurseries the named varieties have most of the high seed 
yields and tend to show higher than average 100-seed weights. This might 
be expected from their past history of selection and makes them good 
candidates for further selection since there is still much variability 
from plant to plant. Despite such variability, the source averages are 
found to differ significantly (Table 32). The nonsignificant correla-
tions for spread, seed yield, and 100-seed weight between Meeker 1978 and 
Fort Collins 1977 are probably due to genotype-environment interaction 
with both season and location being different. The other correlations 
showed a surprisingly consistent behavior; for instance, the highly 
significant r=0.70 between 1978 and 1977 of 184 single plants meausured 
for 100-seed weight at Fort Collins suggests that seed weight is an 
intrinsic trait. 
The intercharacter correlations in western wheatgrass showed, as in 
1977, that seed yield is positively correlated (+0.40) with spread and 
(+0.49) with culm number. On the other hand, seed yield was not 
significantly related (r=0.27) to 100-seed weight at Meeker; whereas at 
Fort Collins (r=O.47), it was highly related. Since both characters are 
desired when selecting superior plants, the positive correlation is 
helpful. 
Selection of the best individuals within varieties, accessions, and 
collections in this project is based upon a combination of spread, seed 
yield over 30 g per plant (there were 63 of these in the Fort Collins 
1978 harvest), and 100-seed weight over 500 mg. It can be seen from 
Table 33 that there is a range of values available for selection, and 
the opportunity exists for genetic improvement with these traits. In 
order to test the value of heavy seeds in establishment, as well as 
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Table 32. Correlations of western wheatgrass characters. 
Nurseries and Years 
Character 
Spread M-78 to M-77 
M-78 to M-77 
Seed yield M-78 to F-77 
M-78 to F-78 
F-78 to F-77 
100-Seed weight M-78 to F-77 
M-78 to F-78 
F-78 to F-77 
Intercharacter correlations at Meeker in 1978 
Seed yield and 100-seed weight 




100-seed weight and culm number 
culm height 
Intercharacter correlations at Fort Collins in 1978 
Seed yield and 100-seed weight 
ISignificant at P<.Ol. 
2Signif;cant at P <.05. 








































Table 33. Extreme values and selected plants for progeny testing from the 




Culm number (0-4) 
Culm height (cm) 
Spike length (em) 
Seed yield (g) 
lOa-seed weight (mg) 
Fort Collins 
Seed yield (g) 





















Scored on plot basis 
2.8 (2-4) 
No selection pressure 








adaptation, progenies of the highest lOO-seed weight plants were seeded 
at the Intensive Study Site in November 1978, and more will be included 
next season. 
Indian Ricegrass 
The nurseries established at the Agronomy Research Center and the 
Meeker Environmental Plant Center in 1977 each contained 16 sources. The 
total of almost 480 plants was harvested for seed at the two locations in 
1978, except for a few plants that were infected with smut and aborted 
their seed panicles. Some additions to the two nurseries, including 
collections made by Dr. Lang (University of Wyoming) and a minor repre-
sentation of collections of Oryzopsis made by Dr. Ward (CSU) were not 
large enough to yield harvestable seed or reliable data in 1978 but will 
be followed in 1979, as will the individual plants of the two 16-source 
nurseries for their second harvest year. 
The first-year comparisons (Table 34) for plant shape, panicle 
number, panicle height, relative maturity, seed yield per plant, and 
lOO-seed weight in Indian ricegrass were analyzed statistically with 
variation in some of the measures being highly significant among sources. 
Plant shape, panicle number, flowering date, and lOO-seed weight source 
differences were all significant at Fort Collins, thus showing that 
strains could be distinguised for those characters. At Meeker only plant 
shape and lOO-seed weight were significantly different among selections, 
while panicle height and seed yield were nonsignificant in both nurseries. 
Among the 12 or 13 entries which are actually duplicated between the two 
nurseries, there are significant nursery-to-nursery correlations for 
plant shape, panicle number, seed yield, and lOO-seed wieght (Table 35). 
Tab 1 e 34. Plant and seed characters of Indian riceqrass at the Fort Collins and ~1eeker nurseries, 1978. 
-=~-= .. : 
Plant Panicle Panicle Flowering Ma turi ty5 Seed Yield 100-Seed Shape l Nuniber2 Height 3 Da teL~ per Plant Weight 
Source (1-4) (1-4) (em) (1- 3) (days) (1-3) (g) (mg) 
F t~ F M F M F M F M F M 
Varieties 
Breeders 3.3 4.0 3.3 3.0 46 2.7 6.0 1.0 9.9 3.1 345 331 
Paloma 1 .3 1 .5 4.0 3.7 54 2.0 5.7 2.0 11 .4 4.3 444 436 
Sharps 1 .3 1 .0 4.0 3.5 49 2.0 7.7 2.0 11 .5 4.2 460 408 
Warner 3.0 3.3 39 4.7 6. 1 357 




NM-15 1 .3 2.5 2.7 3.3 36 2.0 8.0 2.0 4.2 2.1 385 409 
NM-168 1 .0 1 .0 4.0 4.0 44 2.0 6.3 2.0 16.7 4.9 469 422 
P-2575 3.5 4.0 3.5 3.0 54 3.0 6.5 1 .0 11 .3 3.2 335 336 
P-15597 3.0 3.7 3.7 3.0 46 2.3 5.0 1 .0 9.6 3.4 323 307 
P-15598 2.7 2.5 3.7 4.0 39 2.0 8.0 1 .5 10.5 1.9 338 298 
P-15650 3.7 4.0 3.3 3.0 41 2.0 4.0 1 .3 4.6 2.6 271 275 
P-15657 1 .7 1 .5 4.0 3.0 47 1 .3 4.3 2.0 5.9 1 .6 290 318 
16503-65 1 .8 3.5 1 .5 2.0 2.9 399 
525-36 4.0 3.0 2.0 1 .0 3. 1 275 
Collections 
E-l 2.7 2.3 46 3.3 2.4 286 
PB-1 4.0 3.0 2.0 1 .0 2.3 244 
PB-2 1.7 2.0 2.0 2.3 36 2.0 4.3 1 .0 2.2 1 .0 287 341 
Table 34.--Continued 
Plant Panicle Panicle Flowering 
Shape l Number2 Height2 Date4 
Source (1-4) (1-4) (cm) (1-3) (days) 
F M F M F M F 
PB-4 3.3 2.5 2.3 2.0 47 2.0 4.7 
SC-1 2.0 2.5 41 7.0 
Mean 2.3 2.6 3.3 3.2 42 2.0 5.8 
LSD (.05) 1 .0 1.0 1.0 ns ns ns 2.5 
11 condensed to 4 open, at F = Fort Collins, M = Meeker 
21 with 0-5 panicles to 4 with over 30 panicles per plant. 
3Height at Meeker, 1 short to 3 tall. 
4Days from June 9, 1978. 
51 was mature before July 18, 2 n1ature on July 18, 3 not mature. 
6No seed data available for PB-4 at Meeker. 
Maturity5 Seed Yield per Plant 
lOO-Seed 
Weight 
(1-3 ) (g) (mg) 
M F M F M 
1.0 1 .2 6 178 6 
2.0 304 
1 .5 7.6 2.9 336 340 
ns ns ns 72 60 
tv a a 
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Table 35. Correlations between two nurseries for various plant and seed 
characters in Indian ricegrass and their intercharacter 
corre 1 a tion .. 
r Number of Entri es 
100-seed weight M to FC +0.90 1 12 
Seed yield M to Fe +0.811 12 
Plant shape M to Fe +0.87 1 13 
Panicle number M to Fe +0.75 1 13 
Panicle height M to Fe +0.44 13 
Flowering date (Fe) to maturity (M) +0.38 13 
Intercharacter correlations: Meeker above diagonal, Fort Collins below 
Fort Collins 100-Seed 
(16 entries) Weight 
100-seed weight x 
Seed yield +0.66 1 
Plant shape -0.562 
Panicle number +0.532 
Panicle height +0.23 
Flowering date +0.39 
1Significant at P<.Ol. 










Meeker: (15-16 entries) 
Plant Panicle Panicle Maturity Shape Number Height 
-0.67 1 +0.38 +0. 14 +0.68 1 






These correlations suggest that there are varietal differences in these 
traits which remain characteristic in different places. Thus, Paloma and 
NM-168 strains of Indian ricegrass are condensed, compact plants with many 
panicles, high seed yield, and heavy seeds in contrast to P-15650 and 
the Piceance Basin collections which are more open in growth, have fewer 
panicles, lower seed yields, and small, light seeds. 
Correlations between one trait and another show some expected 
relationships, such as, seed yield to panicle number. An interesting 
strong, negative correlation is that between plant shape and 100-seed 
weight with the IIcondensed ll plant shape having the heavier seeds. Neither 
panicle height nor flowering date have much relationship to seed 
characters except that in Meeker the later-maturing Indian ricegrass 
types tend to have heavier seed. It is hoped next season to harvest seed 
at their own natural maturity over a more extended period since these 
plants are somewhat indeterminate in their seed setting. 
Single-plant selections of Indian ricegrass have been made for 
progeny testing based on high seed yield and heavy 100-seed weight in the 
belief that both characters are important for the most efficient rehabili-
tation technology. Such selection criteria was suggested by the results 
of varietal source tests in the Piceance Basin environment where the 
progeny tests are also under way_ There is a wide latitude of selection 
possible as individual plants ranged from 0 to 31 g of seed per plant and 
from 107 to 617 mg per 100 seeds. These may be contrasted with entry 
means up to 16.7 g of seed and weights up to 469 mg. In both traits 
selection NM-168 was the leading variety, and it also had the plant with 
the highest extremes. An intervarietal recombination of the five sources 
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Paloma, Sharp's, Warner, M-700, and NM-168 has been planted while waiting 
for the results from the single-plant selection program. 
One character of great importance in Indian ricegrass is seed 
dormancy. As indicated in the 1977 report, dormancy-breaking treatments 
(both mechanical and chemical) were studied by comparing their effects in 
laboratory and field germination so as to seek one which would be effec-
tive in critical-site testing of the fresh seed of progenies and field 
collections. 
In the laboratory, tests were done on ten treatments applied to two 
varieties and three ages of seed. The percentage mortality was obtained 
from a tetrazolium test on all seeds which had not germinated after four 
weeks. There were no significant differences in mortality (Table 36) for 
the variety Warner in any of the three ages of seed. The higher 
percentage mortality in the variety Paloma, especially in 1977 seed, was 
most likely due to the method of cleaning (processing) the seed after 
its harvest and was not related to the scarification treatments. This 
demonstrates the need for proper cleaning of seed for revegetation work. 
At the same time, the results on both varieties showed that the scarifi-
cation treatments did not cause excessive damage to the Indian ricegrass 
seeds. 
In the field, a test of the scarified seed was planted at the 
Intensive Study Site in October 1977. Only the strain Warner was planted 
due to the unavailability of Paloma seed at the time of planting. From 
the data collected (Table 37), the acid scarification (the best in the 
greenhouse study as reported in 1977) was shown to be detrimental to the 
germination of Indian ricegrass in the field. This was most likely due 
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Tab1e.36t Percentage morta1ity l of Indian ricegrass seed tested in the 




1975 1976 1977 1975 1976 1977 
Control 6.3 4.0 9.0 16.7 32.3 48.0 
Corrmercial scarifier 5.7 2.7 9.0 12.7 29.7 45.7 
Tumbler 6.3 3.0 8.3 21 .0 24.3 37.0 
Rubbing 3.3 5.7 8.3 17.7 22.7 32.7 
Acid 2.7 8.3 10.0 16.0 24.0 45.0 
Control and GA 3 11 .0 13.3 14.5 21 .7 23.0 49.7 
Commercial scarifier and GA 3 8.3 5.7 13.0 21 .7 28.0 39.3 
Tumbler and GA3 8.0 8.3 9.7 13.0 16.7 39.7 
Rubbing and GA3 8.7 8.0 9.7 14.0 25.3 45.3 
Acid and GA 3 6.3 3.7 10.3 8.3 23.7 31 .0 
LSD ( . 05) = 1 0 . 8 LSD(.05) = 11.4 
ITota1 viability (germinated + live) = 100 - mortality. The green-
house gennination percentages were reported in' the Progress Report, 
March 1978 (Table 36, p. 134). 
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Table 37. Germination percentage in the field (Intensive Study Site) 







Control and GA3 
Commercial scarifier and GA3 
Tumb 1 er and GA 3 
Rubbing and GA 3 

























( .05) 4.6 
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to the acid treatment weakening the seed coat so much that viability 
could not be maintained by the seed over winter in the soil. 
The mechanical treatments in some cases improved the germination 
slightly and in others significantly, indicating that with modification of 
the mechanical scarification methods germination can be improved. At the 
moment no one method could be recommended as a treatment. 
Lupines 
The nursery planting in Fort Collins did not yield usable seed in 
1978, and it is evident that there are also problems with collecting seed 
from native stands. So, the limited seed thus gathered in 1978 has been 
devoted to two types of research. One is the legume adaptation study at 
the Intensive Study Site which will meausre nitrogen fixation in the 
environment of the oil shale area. The other is a screening study 
designed to identify differences among 5trains (sources) in their 
capacity to fix nitrogen in a controlled greenhouse environment. 
A preliminary seeding of ten strains in October 1977 at the 
Intensive Site resulted in good stands of seedlings visible on April 7, 
1978, but these were eaten by rodents below the cotyledons some time 
before April 28. This type of grazi-ng damage ;s not compatible with 
strain-testing with limited quantities of seeds. The raising of plants 
for seed-setting at the Intensive Study Site is again being attempted by 
the October 1978 seeding in th~ fenced area of the Legume/Nitrogen Fixa-
tion Plots. Another approach cooperative with EPC at Meeker has been to 
seed one row each of about 20 collections in their better-managed 
seed-farm environment. These rows are intended for plant type evaluation 
and production of seed for seeding trials in the Piceance Basin. 
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Testing Source Material and Progenies in the 
Critical Environment 
The testing of material in the critical environment is the most 
essential step in proving which commercial varieties, strains, accessions, 
ecotypes, or single-plant progenies can succeed in the rehabilitation 
process. Moreover, by identifying the best mother plants on this 
criterion the breeder can put together the synthetic strains which are 
needed for that specific task. Some strains are synthesized for salt 
tolerance, low dormancy, or nitrogen-fixation efficiency; but, all have 
to have adaptation to establishment, survival, and growth in the Piceance 
Basin. 
One test which was planted in 1976 at the Intensive Study Site was 
a split-plot test in which the different grasses and legumes could be 
compared among strains within species; they will be so discussed under 
separate headings. The other similar strain test planted in 1976 at a 
mountain browse site in the Piceance Basin was examined in June 1978 with 
the conclusion that poor initial performance of many entries through the 
dry winter and summer of 1977, coup1ad with the luxuriant growth of 
native invaders, dictate its abandonment. The progeny tests planted at 
the Intensive Study Site to test selections of western wheatgrass and 
Indian ricegrass from elite mother plants are described below in separate 
sections. 
Western Wheatgrass 
For the 1976 strain test the ratings of survival on May 22, 1978, 
and growth on September 23, 1978, both showed highly significant differ-
ences in favor of Arriba, Mandan 456, Rosana, and C-30 (Table 38). 
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Table 38. Second growing season performance (1978) compared with 1977 at 
Intensive Study Site for western wheatgrass (seeded 1976). the 
Accession Vigor Survival Growth Spread 9-02-77 9-22-78 9-23-78 9-78 
Arriba 3.4 3.51 3.51 S2 
Barton 1 .7 1 .5 1 .5 S 
Fl i ntlock 1 .9 1 .5 2.5 1 S 
Mandan 456 2.9 2.5 1 3.0 1 S 
Mandan 456 (OP) 2.5 2.5 1 3.0 1 SS5 
Rosana 1 • 1 0.5 1 .0 
Rosana (OP) 3.0 3.0 1 3.0 1 S 
A-13081 0.4 0.0 0.5 
A-16592 0.0 0.0 0.0 
A-16634 1 .0 0.0 0.0 
A-16931 1 .3 1 .5 2.0 S 
C-27 0.0 0.0 0.0 
C-30 (OP) 3.5 4.0 1 4.0 1 S 
NM-429 0.6 0.5 0.5 
P727 1 .7 1 .5 2.0 
Tincup (OP) 1 .9 1 .5 2.5 1 S 
C-26 0.0 0.0 0.0 
C-178 0.0 0.5 0.0 
C-212 0.0 0.0 1 .0 
NM-51 0.0 0.0 0.0 
NM-95 0.0 0.0 0.5 
NM-290 0.0 0.0 0.0 
NM-293 0.0 0.5 0.0 
NM-381 0.0 0.5 0.5 
Victor 0.0 1 .5 1 .0 
Mean of test 1 . 1 1 .1 1 .3 
LSD (.05 ) 1 . 1 0.8 
lSignificantly above the mean of the test, on 0-4 rating. 
2 S = Spread; ng by rhi zornes. 
3XX = Setting seed in many spikes. 
4 X = Setti ng seed in ~; kes. 













New seed accessions planted in April 1978 did not perform well owing 
to the dry mid summer. This confirms the need for using seed of known 
dependable quality produced in nurseries or seed fields, as well as using 
the optimum fall planting date and proper soil preparation. 
The replicated progeny test of 108 single-plant progenies of western 
wheatgrass (sown in early April) showed some emergence and growth by 
September, although disapointingly small. Nevertheless, there were 
highly significant (P~Ol) differences among progenies, with a mean 
rating of September growth of 0.87 on a 0-4 scale. The top 31 entries 
were classified as relatively vigorous (means 1.25 to 2.25), and their 
proportional occurrance in the groups of parental material (Table 39) can 
be seen to support the hypothesis that selection within varieties 
previously chosen as good seed producers is more likely to result in 
vigorous progenies. Selection of parents based on a combination of seed 
production, seed size, spread, and proven progeny performance in the test 
site appears to identify superior strains. 
Another progeny test planted at the Intensive Study Site in 
November 1978 includes some of the same entries identified earlier and 
also 23 newly identified single-plant progenies from the Meeker nursery. 
Selection of the latter was based on their having 501 to 752 mg 100-seed 
weight, averaging 567 mg, compared to the Meeker nursery average of 
442 mg. 
The survival and growth of all the 1978-planted progeny tests has to 
be followed into 1979 and 1980 to be sure" that we are identifying 
superior plants for the reclamation process. 
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Table 39. Progeny tests of western wheatgrass at the Intensive Study 
Site. 
Source of Plants in the 
Spaced-Plant Nursery 
Named varieties: Arriba, Barton, 
Flintlock, Mandan 456, Rosana 
SCS--Plant Materials accessions 




























The 1978 ratings of the 1976 strain test show continued superiority 
of the varieties Sharp1s, Warner, M-700, and the Soil Conservation Ser-
vice strain (NM-168) along with three or four others reaching the 3.0 
rating (Table 40). Noteworthy are the continued low scores of local 
collections, except perhaps PB-4 from the Piceance Basin. The collec-
tions of 1976 seed expressed high dormancy revealed by substantial 
numbers of seedlings emerging in spring 1978. This was up to five times 
the number which emerged in 1977. 
A second accession nursery incorporating some of Dr. Langls 
collection (from Wyoming) and some of our own revealed June emergence 
from April 1978 planting to be good for two out of ten entries--Lang 8 
and J-5, the latter from Gardner, Colorado (northwest of Walsenburg). 
Unfortunately, heavy rodent or other predation resulted in these rows 
being heavily damaged. 
The first test of spaced-plant progeny used the 30 best selections 
identified in 1978 from the Fort Collins and Meeker nursery plants. As 
dormancy testing data are gathered, the intention is to add these to the 
testing program of elites. We will also add the seed shed at maturity 
on the ecotype study garden plants of Oryzopsis to the 1979 fall test-
seeding for proper comparison. 
Lupines, Utah Sweetvetch, and Other Legumes for Nitrogen Fixation 
From the first this subproject has included legumes of native and 
non-native species in the evaluation plots. Those in the 1976 strain 
tests did not show up as well in 1978 as in 1977. Because of rodent 
damage in 1978, it was decided to join forces with the Fertility 
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Table 40. Second growing year performance (1978) on Indian ricegrass 
sources planted November 1976 at the Intensive Study Site as 
compared with 1977. 
Year Dormancyl Vigor Survival Growth Source 9-77 5-78 9-78 Collected (%) (0-4) (0-4) (0-4) 
Varieties 
Breeders 1972 3 2.5 4.0 3.0 
Paloma 1974 6 2.3 3.5 3.0 
Sharp·s 1974 28 2.8 3.5 3.52 
Warner 1975 62 4.0 4.0 3.52 
M-700 1972 17 2.9 4.0 3.52 
Acces-s i cns 
NM-15 1965 5 1.9 2.0 2.0 
NM-168 1968 3 3.6 4.0 4.02 
P-2575 1971 14 2.6 3.0 1 .5 
P-15597 1969 4 3.0 3 .. 0 2.5 
P-15598 1965 2 3.0 4.0 3.0 
P-15650 1971 20 2.4 3.0 3.0 
P-15657 1972 20 3 .. 1 3.5 2.0 
16503-65 2 0.8 1.0 1 .5 
Co 11 ecti cns 
E-1 1976 51 1.0 1 .53 1 .5 
R-1 1976 48 0.3 2.03 1.0 
PB-l 1976 44 0.5 1 .5 3 1 .5 
PB-2 1976 28 0.5 1.03 1 .0 
PB-4 1976 44 1.8 2.5 3 1 .5 
Mean 2.2 2.8 2.4 
LSD (.05) 1.6 1.0 
IDormancy in March 1977; see 1977-78 report. 
2Significantly above the mean of the test, on a 0-4 rating. 
3New seedlings emerging. 
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Subproject and test major and minor strains of legumes on a new test site 
designed to answer questions about the effectiveness of nodulation, 
nitrogen fixation, and nitrogen supply to the soil and the associated 
grasses. Details on plot construction and experimental design are dis-
cussed earlier in this report by Drs. Berg and Sabey. The species used 
in this study are listed in Table 41. The minor strains are replicated 
two or three times depending on quantity of seed available for the two 
2 m rows in each replication. A total of 180 rows was planted. Observa-
tions in the fenced plot area in spring 1979 will be followed by more 
detailed studies of growth, flowering, seed setting, and also of nodula-
tion and root-system acetylene reduction as indicators of nitrogen 
fixation. 
Preliminary indication from another survey have shown more 
inorganic N in the soil analyzed from around lupine plants than in soil 
from adjacent areas without lupines, suggesting that these legumes are 
contributing N to their environment. More quantitative estimates are to 
be sought from those places as well as in the better-defined system of 
the plots in the Intensive Study Site. 
Recombination of Breeding Material 
Three recombination blocks have so far been established to get 
interpollination of the identified superior germplasm. The 66 elite 
clones of the first western wheatgrass nursery, all of which are in the 
Intensive Site progeny test, are in a three-replication, 198-plant 
recombination block scheduled for major seed production in summer 1979. 
The less desirable plants in it can be cut back before flowering to 
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(i n rows) 
Stewart's, ISS, E/ISS, 
Pipeline 
Ladak 
Lutana, C-4, Dotzenko, 
Strohman, Sugarbeet-2, 
Wellington, 20-15 
Penngift, Emerald, Chemung 
Eski, Melrose, Remont 
031, 143, 255, 232 
Kaneb 
San Luis Valley 
lWith and without local soil for rhizobial inoculum. All others are 
preinoculated with the most appropriate inoculum. 
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remove them from contributing pollen. Other blocks scheduled in early 
spring 1979 (this contract year) are for elite plants identified in 
Meeker and for the 30 heaviest-seeded western wheatgrass plants. 
Indian ricegrass breeding has advanced to the making of one 
intervarietal recombination with 20 plants each of Paloma, Sharp's 
Warner, M-700, and NM-168. A low-dormancy block was planted from seed-
lings which emerged rapidly (i.e., were nondormant) in the controls of 
the scarification study. These were able to set seed in September 1978 
at Fort Collins under supplemental irrigation, and this first seed crop 
is undergoing dormancy testing. The main seed crop is expected in July 
1979 and will be compared with the first-year crop whose environment 
during seed maturation was not quite normal for the species. Other 
recombinations will be set up as elite plants for various traits. 
Summary 
Several strain tests are underway at the Intensive Study Site. 
Western wheatgrass, Indian ricegrass, and several leguminous species have 
been evaluated during the 1978 growing season. Results indicate that 
varieties Arriba (C-30), Mandan 456, and Rosana are the best performers 
for western wheatgrass and provide (along with other sources) individual 
plants with traits superior to the variety averages. Seed size, seed 
yield, spread, and survival are all important characteristics being 
closely monitored. 
Among the varieties and accessions tested for Indian ricegrass, it 
appears that Sharp's, Warner, M-700, and SCS's strain (NM-168) provide 
the highest vigor, growth, and survival ratings. Comparisons to local 
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collections have been difficult because of high dormancy levels in this 
seed. 
Major and minor strains of lupines, Utah sweetvetch, cicer milkvetch, 
and other legumes have been planted for testing in 1979 for their effec-
tiveness to fix nitrogen in native soil at the Intensive Study Site. 
This work is being carried out in conjunction with fellow scientists from 
the Departments of Agronomy and Microbiology at Colorado State University. 
ABSTRACTS OF PUBLICATIONS OR PRESENTATIONS 
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ABSTRACT OF THESIS 
EVALUATING WESTERN WHEAT GRASS SOURCES FOR 
OIL SHALE LAND REVEGETATION 
Western wheatgrass (Agropyron smithii, Rydb.) will be among 
those species used for rehabilitating the disturbed land from oil 
shale development in northwestern Colorado. A variety of this species 
specifically adapted for the Piceance Basin is not available. To 
insure successful reseeding and ecosystem stab i lization 9 such a 
western wheatgrass variety is needed. Evaluation of different seed 
sources is the main purpose of this study. RelationShips between 
characters used to improve screening are also studied, as are geo-
graphical pattern which may exist for these characters. 
From space-planted nurseries in Fort Collins and Meeker, 
Colorado, wide genetic variability necessary for successful plant 
breeding was found among 44 sources constituting varieties, PMC 
numbered accessions, and collections. Highly significant differences 
were present for all four of the vegetative and six of the seven seed 
related characters. Results discussed are for only one particular 
year, which proved to be a very dry one, affecting results greatly; 
growth at Meeker was much less than at Fort Collins. Correlations 
between nurseries for spread and culm number ratings were low~ 
therefore selection of types adapted to the climate of northwestern 
Colorado can be made only indirectly at Fort Collins, where much of 
the data is available. 
In seeding trials in the Piceance Basin, Arriba and open-
pollinated progenies of Rosana and C-30 were the better sources 
iii 
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after one season's data on emergence and seedling establishment. 
Selection of individuals for progeny testing in the Piceance Basin 
will include superior plants from the above three sources plus others 
with specific desirable characteristics. 
Five correlations between nursery characters proved to be 
meaningful (r2 greater than or equal to .5). Of these five. the 
interrelatedness of three was most important. They were herbage and 
culm number (r2=.Sl), herbage and seed yield (.56). and culm number 
and seed yield (~5a). Seed yield, whose direct evaluation is labor-
ious. can be reasonably predicted by herbage and/or culm number. 
Only vegetative height displayed any meaningful correlation 
with geographical origin (latitude and elevation). The effect of 
lattitude was most responsible for vegetative height. (r2:.56), when 
the affect of elevation was controlled. Other environmental factors 
may ~e responsible fo~ the variation in the other characters. 
Walter William Padilla 
Department of Agronomy 
Colorado State University 
Fort Collins. Colorado 80523 
April. 1978 
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OBJECTIVES 
The overall objectives of this subproject are to determine the 
possible responses and changes in soil microbial types and activities 
during the reestablishment of plant communities on disturbed sites and, 
if possible, to develop management alternatives by which microbe-plant 
relationships can be controlled to enhance succession processes in djs-
turbed soils. In addition, the effect of soil storage conditions on soil 
microbiological characteristics and the effects of retorted shale 
materials on essential soil microbiological processes are to be evaluated. 
Specific objectives include the following: 
Phase I: To evaluate microbial responses and changes in number 
and activity during reestablishment of plant communities 
on disturbed soils. 
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Job 1-1: Monitoring of soil microbiological processes on 
test subplots at the Intensive Study Site. 
Job 1-2: Study the effects of soil storage on microbio-
logical populations and on microorganism-related 
nutrient cycling processes. 
Job 1-3: Determine the effects of retorted shale 
materials on the microbiological characteristics 
of surface soils from the study site. 
Phase II: To develop approaches for controlling or modifying plant-
microbe interactions. 
Job 2-1: Evaluate the microbiological characteristics of 
plants being considered for use in planting 
mixtures with a major emphasis on the role of 
symbiotic nitrogen-fixing plants in stand estab-
lishment and the nitrogen status of the revege-
tation system. 
Job 2-2: Study plant material decomposition effects on 
soil microbiological processes. This will be 
carried out using introduced and native species. 
Job 2-3: Study effects of physical disturbance on the 
microbiological activies of soils. 
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PROGRESS TO DATE 
Field Site Sampling 
Revegetation Technique Plot 
For the 1978-1979 season, samples were taken in May and July from 
subplots 1-24 and 122-144 (Figure 2). From each subplot three samples 
were taken at each of the ends and in the center of the rectangular area. 
The soil samples were taken from the 5-10 cm depth to assure that effects 
of shorter-term variations in temperature and moisture would be minimized 
and to sample from the zone where maximum plant root development would 
occur. Also, no aboveground plant materials or soils directly adjacent 
to plants were taken to maintain the experiment integrity of the plots. 
Successional Plot 
For this series of subplots three subsamples were taken from each 
individual plot in the manner described for the Revegetation Technique 
Plot. Samples were collected using a clean spade and stored in double-
wrapped plastic bags at refrigerated temperature (6°C) until used in the 
laboratory. 
Topsoil Storage Plot 
Samples were collected from the Topsoil Storage Plot in August of 
1978 using a 10 cm diameter soil corer. Four cores were taken across the 
storage pile at 0-51, 15-30, 30-61, 61-91, 91-122, and 122-152 cm depths. 
These subsamples were placed in individual plastic bags and immediately 
returned to the laboratory for analysis. The samples from each of these 
depth intervals were mixed prior to analysis. 
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Soil-Shale Mixture Experiments 
Topsoil and Paraho retorted shale were collected at the Intensive 
Study Site for use in these studies. 
Soil Sample Processing 
Samples were sieved with a 2 mm mesh screen, mixed in a Patterson-
Kelly, twin shell, dry blender for 20 minutes, returned to individual 
plastic bags and stored at 6°C until analysis or use in experiments. 
Topsoil and retorted oil shale were mixed in a Patterson-Kelly, twin 
she1, dry blender to yield the following percentage by weight of shale-
to-soil mixtures: no shale, 10 percent shale, 20 percent shale, 
30 percent shale, and 100 percent shale. These mixtures were used as 
potting soils for greenhouse experiments, and these were also monitored 
for chemical microbial characteristics over varied incubation times. 
Analytical Procedures 
P.!i 
Ten grams of s'oi 1 and 90 m1 of wa ter were mi xed together. The pH 
of the solution was determined with a Fisher accumett pH meter. 
Percentage Moisture 
Weighing pans were oven dried (105°C) for 24 hours and then 
dessicated for an additional 24 hours. Soil samples of 1 g were placed 
in the weighing pans, dried for 24 hours (105°C), placed in a dessicator 
for 24 hours, and weighed again. Percentage moisture was determined by 
dividing the weight difference of the wet and dry soil by the wet soil 
weight. 
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Percentage Organic Matter 
Three-tenths of a gram of soil and 3 ml of 1 N potassium dichromate 
were placed into 35 m1 bottles. Immediately, 6 ml of concentrated H2S04 
was added and the mixture was swirled for ten seconds. After the mixture 
was allowed to stand for ten minutes, 30 ml of deionized water was added. 
The bottles were again swirled for ten seconds and allowed to stand for 
an additional hour. The mixture was centrifuged at 5,000 rpm for ten 
minutes; the supernatant was decanted into cuvettes and read with a 
spectronic 20 colorimeter at 610 nm. The percentage organic matter was 
determined by comparison against a standard curve prepared with 2 and 
4 percent organic matter reference soils. 
Soil Microbial Enumerati0n Techniques 
Fungi were enumerated using Rose Bengal Agar consisting of 10 mg of 
dextrose, 5 9 peptone, 1 9 monobasic potassium phosphate, 0.5 9 MgS04 
7H20, 0.033 9 of Rose Bengal, 20 9 of Agar, and 1,000 ml of deionized 
water. This was sterilized and, after cooling, 3 ml of strotomycin 
soluti'on was added to the medium using procedures of Martin (1950). The 
actinomycetes and bacteria were enumerated with sodium caseinate agar 
consisting of 0.2 9 sodium caseinate, 5 9 K2HP04, 0.2 9 MgS0 4 • 7H 20, 
0.01 9 FeC1 3 , 15 9 agar, and 1,000 ml of H20. 
Eleven grams of the sifted soil was added to a standard phosphate 
dilution blank (99 m1), shaken for 15 minutes on a reciprocal shaker at 
125 rpm, diluted, and inoculated onto spread plates using 0.1 m1 aliquots. 
Plates were incubated at room temperature for two weeks before being 
counted to assure maximum expression of colonies. 
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Nitrogen Fixation 
Nitrogen fixation activities of soils and plants were carried out 
using procedures described by Hardy et a1. (1968) and Hardy et a1. (1973). 
Specific equipment used in the laboratory includes a Varian Aerograph 
Model 1200 flame ionization gas chromatograph and an integrator-recorder 
to allow calculation of peak areas. Acetylene and ethylene standards 
were obtained from the Applied Science Laboratories, State College, 
Pennsylvania. The separation of acetylene from ethylene was carried out 
by use of a 3 mm diameter x 133 cm length stainless steel column of 
Poropak Q (Water Associates, Milford, Massachusetts) with a column bath 
temperature of 70°C. 
Ten grams of soil were placed in serum bottles and brought to 
60 percent moisture holding capacity with a 0.5 percent solution of 
glucose in water. The bottles were sealed with serum caps and flushed 
with N2 gas for five minutes. Using a 10 ml syringe,S ml of gas were 
withdrawn from each bottle, and 5 m1 of acteylene was added using the gas 
washing train recommended by Hardy et al. (1973). The bottles were 
incubated in the dark for 48 hours at 25°C.. Using a 1 ml syringe, 1 ml 
of gas was withdrawn and injected into a Varian gas liquid chromatograph. 
Nitrogen-fixation activity was expressed as nanomoles of ethylene produced 
10 g soil- 1 • 48 hours·1• 
Dehydrogenase Activity 
One gram of soil, 0.2 ml of 3 percent tripheny1-tetrazolium chloride 
solution, and 0.5 ml of a 0.5 percent gulcose in water solution were 
placed in test tubes, mixed by shaking, and incubated at room temperature 
for 24 hours. Methanol (19 ml) was added to each tube which was mixed by 
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inversion. The mixture was transferred to 50 m1 centrifuge tubes and 
centrifuged at 12,000 rpm for ten minutes. The supernatants were 
decanted into cuvettes and read at 485 nm on a Spectronic 20. Dehydro-
genase activity was recorded as ~g formazan produced • gram soi1- 1 • 
48 hours- 1 as described by Klein et al. (1971). 
Phosphatase Activity 
Five-tenths gram of soil was placed in 50 ml centrifuge tubes with 
2 ml of MUB buffer [Tris (hydroxymethy1) amino methane, 3.025 g; maleic 
acid, 2.9 g; citric acid, 3.5 g; boric acid, 1.57 g; 1 N NaOH, 122 ml; 
volume brought to 250 m1, pH 8.5J, 0.125 m1 of touene, and 0.5 ml of 
0.115 n paranitrophenylphosphate (Skujins et a1. 1962). The tubes were 
swirled, stoppered, and incubated for one hour at 37°C. Then, 0.5 m1 of 
0.5 N CaCl and 2 m1 of 0.5 n NaOH were added; the mixtures were swirled 
and centrifuged at 5,000 rpm for ten minutes. Supernatants were decanted 
into cuvettes and read at 400 nm on a Spectronic 20. Phosphatase 
activity was determined by comparison of these values to a standard 
curve constructed utilizing various concentrations of paranitropheno1 
(0 to 50 ~g per m1) and expressed as ~g of paranitropheno1 released • 
gram soi1- 1 • hour- 1 (Tabatabai and Bremner 1969). 
Adenosine Triphosphate (ATP) Levels 
ATP levels in soils were determined using the basic procedures of 
Paul and Johnson (1977). Ten grams of soil, 100 m1 of 0.2 n NaHC0 3 
(pH 8.5), and 10 m1 of CHC1 3 were mixed in a Waring blender for one 
minute; an additional 100 m1 of 0.2 N NaHC0 3 was added; and the mixture 
was blended for one additional minute. Ten m1 of this slurry was 
pipetted into a 50 ml centrifuge tube and centrifuged for 10 minutes at 
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12,00 rpm. Five ml of supernatant was pipetted into 25 m1 volumetric 
flasks which were then heated in a 60°C bath for 20 minutes. 
was brought to 25 m1 by the addition of Tris buffer (pH 7.8). 
The volume 
The flasks 
were mixed by inversion, and 5 ml of this mixture was pipetted into 10 ml 
test tubes which were immediately frozen with a mixture of dry ice and 
acetone. These frozen extracts were stored at 5-10°C until analysis. 
ATP analyses were performed using purified DuPont luciferin-luciferase 
enzymes and an Aminco chemglow photometer. ATP concentrations were 
determined by comparison of sample values to values obtained from standard 
curves with ATP concentrations ranging from 10- 9 to 10- 12 ~g ATP ml- 1. 
Values were reported as ng ATP/gram soil. 
14C Glucose Mineralization 
Folder filter paper strips were placed in suspended traps which were 
previously attached to serum caps using the basic procedure of Harrison 
et a1. (1970). Using serum bottles, 7 m1 of substrate mixture (5 ml 
K2HP04 - KH2P04, 0.05 M, pH 7.4; 2 ml of unlabeled glucose substrate con-
sisting of 5, 10, 20, 30, 40, or 50 ~g per bottle) and 50 ~l radio1abeled 
glucose substrate (0.1 ~ Ci) were added. To the control bottle, 1 N H2S04 
was added. At 30 second intervals 0.3 g of soil were added to the 
remaining reaction bottles; each was then capped and placed on the shaker. 
After 20 minutes, 1 ml of 1 N H2S04 was added in order to each reaction 
bottle at 30 second intervals. The bottles were placed on a shaker for 
ten minutes, and then 0.15 ml of phenylethylamine was added to each 
suspended trap using a 1 ml syringe. The reaction bottles were place on 
a shaker for one hour. 
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After one hour the filter papers were removed from the suspended 
traps and placed in individual scintillation vials containing 10 m1 of 
liquid scintillation fluid (ICN, Irvine, California). The vials were 
then placed in a Beckman LS-133 liquid scintillation counter, and 14C02 
raw counts were recorded. One hundred percent efficiency 14C02 counts 
were obtained by multiplying the raw 14C02 counts by the product of the 
external ratio and the glucose quench curve. 
Plant-Associated Nitrogen Fixation Potential 
Ladak alfalfa, sainfoin (Northrup King, Longmont, Colorado) and 
western wheatgrass (Botany Department, CSU, Fort Collins, Colorado) were 
grown in the previously described soil-retorted shale mixtures to investi-
gate possible effects of retorted shale on plant-associated nitrogen 
fixation. Seeds for both leguminous plants were inoculated as recommended 
by Northrup King using the inoculum purchased with the seeds~ Approxi-
mately 25 seeds were placed in 3.85 1 pots containing premoistened soil-
shale mixtures (one species per pot) and covered with 1.0-1.5 cm of the 
same soil-retorted shale mixture. Two such planting experiments were 
performed two weeks apart in triplicate. After sprouting the total 
number of plants per pot was reduced to 16 to insure adequate space for 
optimal growth. Initial pot positions in the greenhouse were statisti-
cally randomized and then rotated three times per week. Soil moisture 
was maintained at approximatly 60 percent of field-moisture holding 
capacity; diurnal conditions were natural, while greenhouse temperatures 
were monitored dailYG 
After six weeks of incubation the plants were harvested by washing 
away the soil. Above- and belowground biomass, number of nodules per 
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gram dry root, and acetylene reduction values were determined. For the 
acetylene reduction determination the following procedure was employed: 
1. Within one hour after harvesting all the roots from one pot were 
placed in one 60 ml stoppered serum bottle. 
2. Using a S m1 syringe S ml of serum bottle atmosphere was replaced 
with S ml of acetylene. 
3. Serum bottles were incubated in the dark for 24 hours at 2SoC. 
4. Ethylene production was determined as described previously for 
nitrogen fixation. 
S. Ethylene production was recoreded a n Mol ethylene reduced per 
gram dry root. 
Nonp1ant-Associated Nitrogen Fixation Potential 
Soils were mixed with retorted shale or with sterile glass beads 
(S mm diameter) to evaluate the relative effects of soil dilution with 
retorted shale on microbial functions and assayed for nitrogen fixation 
potential using previously described procedures. 
Shale Extraction Experiments 
Soils were mixed with retorted shale which had been exposed to 
methylene chloride for 48 hours, washing for 24 hours with methyl alcohol, 
and washed for 24 hours with double distilled sterile water. The purpose 
of this experiment was to determine whether the organic or inorganic 
fraction of retorted shale was responsible for the previously reported 
effects of retorted shale on microbial activities (Hersman and Klein 
1978) • 
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Effects of Retorted Oil Shale Water and Incubation with Helium or Nitrogen 
Gas Mixtures on Plant-Associated Nitrogen Fixation Potential 
The following procedure was employed to determine what effects 
retorted oil shale water has on the nitrogen fixation process of Ladak 
alfalfa~ using atmospheres of oxygen with helium or nitrogen. 
1. Root nodules were collected from six-week-old alfalfa plants. 
2. Root nodules and roots without nodules (control) were placed in 
stoppered 23 ml serum bottles. 
3. Sixty ml of water was mixed with 30 g of retorted oil shale for 
three hours. Using a sterile syringe 0.5 ml of this water was 
added to half the serum bottles while 0.5 ml of sterile water 
was added to the remaining bottles. 
4. Half of the sealed serum bottles were purged with a gas mixture 
of 21 percent oxygen and 79 percent helium for ten minutes~ 
after which .03 ml of CO 2 was added. An ambient atmosphere was 
maintained for the remaining serum bottles. 
5. Using a 5 ml syringe, 2.3 ml of serum bottle atmosphere was 
replaced with 2.3 ml of acetylene. 
6. Serum bottles were incubated in the dark for 17 hours at 25°C. 
7. Ethylene production was measured using gas-liquid chromatography 
as described previously and recorded as m moles of ethylene 
produced per ml serum bottle atmosphere. 
Statistical Analysis 
All data were analyzed by standard statistical procedures~ including 




Revegetation Technique Plot 
For the Revegetation Technique Plot which was sampled both during 
May and July of 1978 irrigation, seeding methods, seed mixtures, and 
fertilizer levels showed Significant effects (single and interactive) on 
soil microbiological processes (Tables 42-44). For both the May and July 
samplings strong overall direct correlations were shown between the 
percentage soil organic matter and pH (inverse), soil water, dehydro-
genase, phosphatase activity, N2 fixation potential, and soil ATP which 
appeared to be related to plant growth with subsequent organic matter 
release to the soil. With irrigation the native seed mixture showed the 
highest levels of soil organic matter, while without irrigation the 
introduced species mixture was related to the highest organic matter 
content in the test soils. This would suggest that different seed mix-
tures may be appropriate for use in irrigated versus nonirrigated 
revegetation programs if belowground production is the primary concern. 
In addition, a trend towards decreased N2 fixation potential with 
fertilizer nitrogen additions was noted in comparisoin with the non-
fertilized plots for the spring sampling at a Significance level of 
P = <.06. 
For the May 1978 sampling, excellent Pearson correlations were 
noted between measurements (Table 42). Generally, the pH changes showed 
inverse relationships with parameters related to general microbial 
activity and organic matter accumulation by the test plants. In contrast, 
the changes in soil moisture and organic matter with other general 
microbiological parameters showed good direct correlations. These 
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Table 42. Revegetation Technique Plot Pearson correlations--May 1978 
sampling. 

































1** = 1 percent significance level; * = 5 percent significance 
level .. 








Table 43. Revegetation Technique Plot Pearson correlations--July 1978 
sampling. 








































1** = 1 percent significance level; * = 5 percent significance 
level. 







Table 44. Significant analysis of variance i nteracti on for the 
Revegetation Technique Plot for May and July samplings. 1 
May Sampling July Sampling 
Test Variable 
Effect Significance Effect Significance 
pH Irr. ** Irr. ** 
Mix. ** 
Irr./Mix. ** 
Soil water None Irr. ** Fet"t. * 
Tech. ** 
Mix. * 
Dehydrogenase Irr. ** Irr. ** 
Phospha tase Irr. ** Irr. ** 
Mix. * Mi x. ** 
N2 fixation Irr. ** Irr. ** 
Fert. * 
Irr./Mix. * 
ATP None Irr. ** 
Organic matter Irr. ** Irr. ** Mix. ** Mi x. ** 
Irr./Mix. ~'c 
1** = 1 percent significance level; * = 5 percent significance 
1 eve 1 . 
238 
results suggest that under routine management that it may be possible to 
utilize fewer parameters to monitor the reestablishment of these essen-
tial microbiological processes. 
A similar set of relationships was observed for the July 1978 
sampling, as noted in Table 43. Especially important is the strong set 
of correlations between soil organic matter changes and general micro-
biological activity parameters 
The analyses of variance for both the May and July samplings 
provi ded addi ti ona 1 i nforma ti on concerni ng the effects of management 
variables on microbiological processes. A summary of the significant 
relationships suggested by the analyses of variance is given in Table 44. 
Several observations are of interest in the analysis of these reponses. 
For both the May and July samplings irrigation had significant independent 
effects upon soil pH, dehydrogenase and phosphatase activities, ATP 
levels, and organic matter levels in the surface soils. As irrigation 
did not begin until after the May sampling, irrigation did not share a 
relationship with the soil water content. These results indicate that 
the irrigation effect on these microbiological parameters resulted from 
the previous year's irrigation activity. A major point of interest from 
both of these samplings was the effect of seed mixture on the surface 
soil organic matter dyanmics, which was independent of fertilization and 
treatment variables which were used in this test plot for both May and 
July (Figures 48 and 49, respectively). These results suggest that the 
native plant species mixture may be able to show better soil organic 
matter accumulation with irrigation, while without irrigation the intro-
duced plant species mixture may be able to allow better organic matter 
accumulation in the surface soil. In comparison, for either of the 
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Figure 48. Irrigation and seed mixture effects on surface soil organic 
matter levels--May 1978 sampling on Revegetation Technique 
Plot. (Standard deviations are shown.) 
IValues corrected based on subsequent standard readjustment. 
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Figure 49. Irrigation and seed mixture effects on surface soil organic 
matter levels--Ju1y 1978 sampling on Revegetation Technique 
Plots. (Standard deviations are shown.) 
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sampling times and with or without irrigation the combination mixture 
did not lead to similar organic matter accumulation. 
Together with these changes in organic matter accumulation which 
appear to be related to planting methods and irrigation variables, cor-
responding changes were also observed for several of the other microbio-
logical parameters including phosphatase and dehydrogenase activity and 
nitrogen fixation. 
The data for the dehydrogenase and phosphatase responses are 
summarized in Tables 45 and 46, respectively. For both the May and July 
samplings these data also illustrate that without irrigation the intro-
duced grass species will tend to allow more rapid development of 
biogeochemical cycling processes, while with irrigation the native 
species mixture will provide equivalent or slightly higher activities. 
For the spring sampling (May) fertilization was related to decreased 
phosphatase activity (P=<6.5 percent) which was not observed for the 
July sampling. 
Nitrogen fixation activity also showed changes which may have 
appl~cations ~n the development of ~evegetation management techniques. 
With irrigation higher but not significantly different nitrogen fixation 
rates were noted in comparison with the nonirrigated plots. In 
addition, a trend (nonsignificant) towards decreased nitrogen fixation on 
the fertilized plots also was noted for the May sampling which was not 
observed in July. Thus, for both nitrogen fixation and phosphatase 
decreased activities in relation to Nand P additions may have occurred 
in the spring, while this trend was not noticed for the July 1978 
sampling. 
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Table 45. Dehydrogenase activity relationship to irrigation and seed 
mixture--May and July 1978 samplings for the Revegetation 










Seed Mixture 1 
Mixed Native Introduced 
14.0 ± 3.3 18.9 ± 6.4 15.8 ± 4.7 
2.8 ± 4.8 
18.0 ± 2.0 
9.1 ± 5.1 
1.2 ± 2.9 
15.9 ± 3.7 
17.5 ± 9.8 
7.1 ± 7.3 
18.0 ± 4.5 
14.6 ± 7.5 







Phosphatase activity relationship to irrigation and seed 
mixture--May and July samplings for the Revegetation 




Mixed Na ti ve Introduced 
yes 111 ± 52 138 ± 21 142 ± 44 
no 54 ± 17 74 ± 27 124 ± 17 
yes 111 ± 19 153 ± 16 147 ± 34 
no 72 ± 28 84 ± 22 117 ± 26 
IMeans and standard deviations are given. 
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Surface Disturbed Successional Plot 
All subplots were sampled in triplicate for analysis, and the seed 
mixture had the major effect on the accumulation of organic matter in the 
soils (F=3.339, P=<.009) with the introduced grass mixture and the native 
grass-forb-shrub mixture giving the highest soil organic matter levels, 
both with and without mulching (Table 47). This response was independent 
of fertilization treatments. In addition, with higher soil water con-
tents the soils tended to have higher pH values. 
The overall Pearson correlations between parameters for this 
successional plot are shown in Table 48. In this plot which was not 
irrigated strong relationships were also shown between organic matter 
accumulation and other biogeochemical cycling parameters. Of interest 
were the series of inverse relationships between nitrogen fixation and 
phosphatase activity and between the nitrogen fixation rates and varia-
tions in surface soil organic matter levels. 
The analysis of variance relationships for the plot are summarized 
in Table 49. Soil water changes showed interesting relationships with 
mulch, fertilizer, and seed mixtures, while the seed mixture showed 
1 percent level relations with organic matter variations and a 6.6 percent 
level of significance fo'r the relationship with phosphatase activity. 
The nitrogen fixation measurements also showed trends which were 
similar to those shown for the Revegetation Technique Pl~t discussed 
previously in that with added mineral nitrogen a decreased nitrogen 
fixation potential was obsered, although this was not statistically 
significant. Considering all planting mixtures the controls (#3) had 
ethylene production rates of 36±20 n mol of ethylene • 10 9 soi1- 1 • 
48 hours-I, while for high N-P and low N-P treatments (#1 and #2) the 
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matter 1evels--1978 sampling for the Surface Disturbed Succes-
s i 0 na 1 P lot. 
Soil Organic Matter Levell 
Seed Mixture 
Mulched Unmulched 
Native grass 0.71 0.55 0.87 0.70 
In troduc ed gras s 1.49 0.24 1.42 0.23 
Native grass-forb 0.72 0.55 0.88 0.67 
Introduced grass-forb 1.01 0.77 0.90 0.69 
Native grass-forb-shrub 1 .39 0.31 1 .34 0.25 
Native and Introduced 0.96 0.74 1 .00 0.76 
grass-forb-shrub 
Ipercent w/w organic matter in soil. Standard deviations are given. 
Values corrected by reference with standard soils. 
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Table 48. Pearson correlation coefficient summary--1978 analyses for the 
Surface Disturbed Successional Plot. 
Parameter Related Parameters Significance l 
pH Soi 1 water ** 
Phospha tase ** 
N2 fi xati on ** 
Organic matter * 
Soi 1 wa ter Organic matter * 
Dehydrogenase N2 fixation * 
Phosphatase N2 fixation * 
Organic matter ** 
N2 fixation Organic matter ** 
1** = 1 percent significance level; * = 5 percent significance 
1 eve1 . 








Table 49. Significant analysis of variance interactions in the Surface 




















1** = 1 percent significance level; * = 5 percent significance 
1 eve 1 . 
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values were 29±15 and 33±16 nanomo1es, respectively. Similar slight 
decreases in phosphatase activity were noted for the subplots which had 
received inorganic phosphorus treatments. 
Stored Soil Analyses 
Although only a single complete analysis has been completed on the 
stored soil plot which was installed at the Intensive Site in May 1978, 
this has involved soil storage for approximately four months which may 
reflect changes which might occur under shorter-term operational soil 
storage conditi~ns. During this time no plant cover had been established. 
The Pearson coefficient correlations between the parameters examined 
in this study are summarized in Table 50. The strong direct relationship 
between the soil organic matter levels and microbiological activities is 
again evident. The analysis of variance relationships are summarized in 
Table 51.. The major effects on activities and general soil character-
istics appear to be related to the depth of soil storage, while some 
degree of variation between the bores did occur. For the bacterial and 
actinomycete populations, significant variations were observed between 
sample bores which were independent of sample depth. 
The effects of soil storage depths on specific parameters are 
summarized in Figures 50-53. The soil samples at the surface of the 
storage pile were found to have significantly lower water contents than 
for those from the deeper locations, which would be expected (Figure 50). 
Together with this marked decrease in the water content of soils stored 
near the surface other changes were noted. The surface soil had signifi-
cantly lower organic matter levels (Figure 51) which was noted to approxi-
mately the 61 cm level. Together with these changes the pH and nitrogen 
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Table 50. Pearson correlation coefficient summary--1978 analysis for the 
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1** = 1 percent significance level; * = 5 percent significance 
level. 
2(_) = inverse correlation. 
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Table 51. Significant analysis of variance interactions--1978 sampling 
for the Stored Soil Experiment. 
Test Variables Relationship S i gni fi cance l. 
N2 fixation depth 7.3% 
Organic matter depth * 
Actinomycetes bore * 
Bacteri a bore * 
pH depth * 
Soi 1 water depth ** 
1** = 1 percent significance level; * = 5 percent significance 
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Figure 50. Depth effects on soil water content--1978 sampling from the 
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Figure 51. Soil depth effects on organic matter relationships for the 
stored soil experiment. (Standard deviations are shown. 
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Figure 52. Depth effects on soil pH--1978 sampling from the stored soil 
experiment. (Standard deviations are shown.) 
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fixation potential assays showed interesting trends. The three surface 
soil samples showed higher pH values than those given for the subsurface 
samples (Figure 52) which was a difference significant at the 1.8 percent 
level, and the nonplant-associated nitrogen fixation potential at the 
surface soil layer also was decreased (Figure 53) although this was not 
statistically significant. Together with these changes the surface soils 
sample (0-15 cm) also had lower bacterial and actinomycete populations 
although these changes were not signficant. 
Effect of Retorted Shale on Plant-Associated Nitrogen Fixation 
Two experiments were carried out during the research period concerned 
with the possible effects of retorted oil shale on nodulation efficiency 
and nitrogen fixation potential of two test legumes which were compared 
with western wheatgrass. In contrast with earlier studies of Azotobacter-
type nonplant-associated nitrogen fixation, which was found to be sensi-
tive to these materials (Hersman and Klein 1977, 1979), legume nitrogen 
fixation may not be as sensitive to these materials, and some degree of 
nitrogen fixation simulation has also been noted. 
Generally, aboveground plant biomass tended to decrease with 
increasing retorted oil shale concentrations (Figure 54) for the three 
plants which were tested in this experiment. This decrease appeared to 
represent a direct relationship. In comparison the belowground biomass 
for the three plants decreased with 10 and 20 percent retorted shale 
additions, and no further general decreases were noted (Figure 55). In 
addition, a wider range of responses were noted for the be10wground 
biomass of the three plants. Sainfoin showed only a minor response to 
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the added shale, while the western wheatgrass and alfalfa showed more 
distinct responses. 
The number of nodules per gram dry root demonstrated an interesting 
response to the presence of retorted oil shale. With 10 percent retorted 
oil shale a decrease in nodules per gram dry root was observed, then with 
increasing concentrations of retorted oil shale general increases in the 
number of nodules for both sainfoin and Ladak alfalfa were observed 
(Figure 56). Similarly, nitrogen fixation responses showed initial 
declines, then increased with increasing concentrations of retorted oil 
shale (Figure 57). 
Nonplant-Associated Nitrogen Fixation 
Based on earlier studies where Azotobaater-type nitrogen fixation 
(nonp1ant associated) was found to be sensitive to the presence of 
retorted oil shale, additional experiments were carried out to determine 
if this effect might be due to simple dilution of the soil by the added 
oil shale or if this effect might be due to soluble shale components. 
For this purpose the nitrogen fixation (acetylene reduction) potential of 
a soil was measured with dilution by retorted shale, retorted shale 
extracted with methylene chloride, and by glass beads as an inert 
control (Figure 58). 
A slight decline in the acetylene reduction potential was noted 
when the soils were diluted with glass beads, but in comparison the soils 
diluted with the retorted oil shales (either with or without methylene 
chloride extration) showed further distinct decreases in acetylene 
reduction potential. These results indicate that the effect of retorted 
shale on these nitrogen fixation processes is not due merely to soil 
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dilution but that there are specific components in the shale which are 
capable of influencing these processes. 
Gassing Mixture Effects on Nodule Nitrogen Fixation Activity 
Preliminary results indicate that root nodules show better nitrogen 
fixation rates with nitrogen than with helium in gassing mixtures. For 
this reason all root nodule activity assays carried out during this 
period have used nitrogen-oxygen mixtures, and this procedure will con-
tinue to be used in our 1979 field experiments. 
Discussion 
Revegetation Technique Plot 
The management variable which appears to exert the major effect on 
plant growth and related microbial activity is irrigation. As antici-
pated, the addition of water to a soil system receiving less than 40 cm 
of precipitation annualy would induce major responses by the plant-
microbe community. The increases in ATP levels, dehydrogenase and 
phosphatase, nitrogen fixation activity, and percentage organic matter 
support this concept. Water applications also had long-term effects as 
irrigation-related changes were noted in the plots which had been 
irrigated from the previous year. 
Equally important, from a revegetation and reclamation viewpoint, 
were the effects of the other management variables, namely, seed mixtures, 
fertilizer application, and seeding techniques. All caused direct 
effects on microbiologically-related parameters. With irrigation the 
native seed mixture showed the higher levels of accumulated soil organic 
matter, while without irrigation the introduced species mixture appears 
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to have allowed a more distinct accumulation of soil organic matter. 
In addition, a trend towards decreased N2 fixation potential with 
fertilizer nitrogen additions was noted in comparison with the non-
fertilized plots. For the spring sampling this was significant at 
P = < .06. 
The percentage soil organic matter also demonstrated strong 
correlations with pH, phosphatase activity, and N2 fixation potential, 
while phosphatase also correlated with pH and N2 fixation potential for 
both sampling periods. Although each parameter measures a different 
aspect of the microbiological compartment, these strong correlations 
indicate that these have similar responses to the imposed management 
variables. 
Surface Disturbed Successional Plot 
For the successional plot, which was sampled only one time during 
1978, seed mixtures had the major effect on the accumulation of organic 
matter in the soils, with the introduced grass mixture and the native 
grass-forb-shrub mixture being related to the highest soil organic matter 
levels, both with and without mulching. This response was independent 
of fertilization treatments. 
Seed mixtures were also significantly related to the percentage 
moisture. Based on inspection of these figures it is apparent that the 
native grass-forb-shrub mixture was related to perhaps the best combina-
tion of organic matter and moisture. Also, this seed mixture yielded 
the lowest pH values, the best dehydrogenase activity, and better than 
average values for phosphatase activity and nitrogen fixation potential. 
Therefore, from a microbiological standpoint this diverse native mixture 
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could be considered to provide the best seeding strategy based on two 
years of experimentation. These results also suggest that fertilization 
may not play an essential role in the establishment of these plant-
microbe related processes. 
Soil Storage Plot 
With surface storage of the test soil, the organic matter and 
percentage moisture decreased while pH demonstrated an inverse relation-
ship with depth. Soil storage studies carried out over a three- to 
four-month period indicate that without establishment of plant cover soil 
microbiological activity and soil organic matter levels will decrease 
more rapidly than when soils are stored under subsurface conditions. 
This may be due to wetting and drying stimulating microbial activity, 
which has been shown to lead to decreases in soil organic matter levels 
(Birch 1958, Powelson 1975). 
Plant-Associated Nitrogen Fixation 
With increasing concentrations of retorted oii shale above- and 
belowground plant biomass- exhibited a general decrease for both the 
control and the two leguminous species. Obviously, from a biomass-yield 
standpoint retorted oil shale provided a less hospitable environment 
than natural conditions. 
The response of root nodules to retorted oil shale is less obvious, 
though equally as important. Based on our experiments to date, with 
increasing concentrations of retorted oil shale the number of nodules per 
gram dry root initially decreased, but beyond a 20 percent retorted oil 
shale addition level the number of nodules did not change, and for 
alfalfa an increase was shown. A similar pattern was observed when the 
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N2 fixation potential was examined in relation to the added shale 
levels. After an initial depression (at 10 to 20 percent shale) the 
nitrogen fixation increased to rates much higher than those shown for 
control soil with higher levels of retorted oil shale in the soil-shale 
mixtures. 
These observations have distinct management implications, and the 
possibility of this effect being due to laboratory manipulation and 
washing techniques is also being evaluated. 
Nonplant-Associated Nitrogen Fixation 
From our experiments to date it appears that plant-associated and 
nonplant-associated nitrogen fixation respond differently to the 
presence of retorted oil shale. Based on the results carried out with 
sterile glass beads it is apparent that the reduction of N2 fixation 
potential in the soil-retorted oil shale mixture reported previously 
cannot be attributed to a simple dilution effect. No significant 
reduction in N2 fixation potential was observed in the glass bead 
experiment. 
Based on the ineffectiveness of methylene chloride to remove the 
active components in retorted oil shale it can be suggested that the 
"active ll fraction(s) of retorted oil shale is an inorganic substance. 
What remains to be determined is the identity of the inorganic inhibitor 
and why nitrogen fixation response patterns differ in plant-associated 
and nonplant-associated systems. 
This information should help us interpret our results for field 




The results of the 1978 field and laboratory microbiological studies 
indicate that the management technqiues which are being tested in this 
program will have distinct effects upon belowground soil microbiological 
porcesses. Different planting mixtures may be best suited for use under 
irrigated or nonirrigated conditions, and nitrogen additions did not 
appear to have major effects on reestablishment of microbiological 
processes. There is some indication that mineral nitrogen additions may 
lead to a decreased nitrogen fixation potential. Generally, the addition 
of retorted shales to surface soils will lead to a decrease in micro-
biological activities, with a distinct effect on nitrogen fixation by 
free-living organisms having been observed. Studies with Rhizobium 
nitrogen fixation (both in pure culture and in conjunction with legumes) 
has shown stimulation and inhibition effects for retorted shales and 
retorted shale extracts. These studies suggest that mixing of soils with 
shales and movement of leachable shale components to surface soil zones 
should be minimized. Topsoil storage studies carried out during 1978 
using soils where plant cover had not been established have shown marked 
decreases in soil organic matter and microbiological activity in surface 
soils, where temperature and moisture variations are more frequent. 
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First International Rangeland Congress, Denver, Colorado 
14-18 August 1973 
T!T!.E OF PAPER: Sea.sor.al dynamics ani responses of rhizos;:ile.re ani 
rhizoplane microorganis:ns associated with sani-arid grasslaOO. plants. 
To eva.J.ute the IXlSS.ible contrib.ltials of bacteria, actir.anycetes 
ani fun:Ji, as b.."'Oad gropus, in the rhizosphere and rhizoplane :z:;ones of 
plants in a semi-arid gra.ssl.arxi, surface soil cores have been taken at 
~ in~. Respiration (0:>2' °2), ani dehydrogenase activit::J 
(DBA) in the presence of five general substrates (glu::ose, starch, 
cellulose, amino acids, proteins), viable count est:imates of bacteria, 
ac"'"..inc:rrtycetes and fungi, mycor.rhizal ani free ~ID;i by microscopic 
proceudres, and associated biotic an:i abiotic ~ters were rreasured. 
Seasonal chan;es i.-1 the contributions of bacteria an:i fungi to minerali-
zation processes in the rr.izosphere ani rh.iZop.lane were eva.l.uated by 
use of a laboratory-scale labelled substrate mine....-a.li.zation assay in 
whic..'1 sela::ted ant.ib~otics tNe..re used. The dynamics of nitrogen fixa-
tion by microbes associated with range grasses were also evaluated. 
The data were analyzed using a rratrix analysis program for the whole 
year, and for t.he sprin; I SU'tI1'er and fall periods, to det:eJ::mine the 
degree of relata:iness (d.i.rect ani inverse) in changes bet-...een the 
various pazameters. Generally I changes in fungal viable counts in the 
rhizosphere am rhizoplane ~ con'elations with cat-.nges in respira-
tion, which were oot siDwn by the bacteria an:i ac-...:i..-,anycetes. The 
microscopic fungal meastJrE!lteI'lt, in contrast, did s.hc:.M changes related 
to 'Tiable camts for baC't.e-~ arxi a.ctinanycetes. These results 
suggest that fungal pqnlations in the rhizosphere an:i rhlzcplane may 
be mre sensitive to changes in substrate avai.labillty as ~ed by 
respiration rate cr.ar.qes (carl.:cn dioxide evolut.l.On, oxygen use), than 
bac:"t.er...a ani act.ina11ycetes, ani that fungi may be m::l:re responsive to 
changes in substrate availabi1.ity in the rhizos;:tlere-rhizoplane nu.cro-
emnIoment of semi-arid grassland plants t..'1an l".ad previously been 
considered. Minera.l.ization st.uiies using whole soU f.raction dE!tDnstrated 
tw::nover t.iIres of 1-8 tnlrs for glucose ar.d m:i.xt:ures of amino acids, 
while sta...-ch. ani celJl]]ose requirai 2-40 hours respectively for 5% 
deo:rrp::>sition. Duri.'1g t..'1e winter t.'1ese rates we...~ dec:=ea.sed by 
approxlmat:ely 25%. Stuiies ca.r.riai out to date su:;gest t..~t in 5p.Lt:e 
of t.'1e relatively large fungal bianass i."l t.~ decc:m;oser canpartmem:, 
t..."le Od1..""'te..ria ~e responsl.ble for t.~ major part of t.."'le nU.'1e..raliza"Cion 
?":'CCess~s ocC'..::r=:"'''1;' .:.~ tt.e =::.::.zc.3phe.t:a-rhi.zopla..ne zone L"l this grass-
lam eroSYSte"1. 
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Presented at the symposium '~1icrocosms in Ecological Research", Augusta, Georgia 
8-11 November 19i8 
Title: "Simulation of Ftmgal Versus Bacterial Contributions to Plant Root 
Substrate ~eralization in Soil ~crocosms Using a Rapid Radiotracer-
Metabolic Inhibitor Technique" 
Authors: . J. P. Nakas and D.' A. Klein 
Department of Microbiology 
Colorado State Unive1'Si~ 
Fort Collins, CO 80523 
Abstract: 
Bacterial and fungal contributions to the mineralization of a series 
of root exudate-related substrates were monitored using soils from a semi-arid 
grassland in a microcosm system. In the course of periodic sampling. selective 
inhibition of bacterial and fungal activities was determined using streptomycin 
and actidione. with glucose, an equimolar amino acid mL~ure, starch, cellulose, 
and ground root materials used as substrates. MicTOCosrns \vere amended wjth 
unlabeled substrates and sampled periodically over a 21-28 day period. Assays 
for fungal versus bacterial contributions to minerali:ation potential were 
carried out using the appropriate 1 "C-labeled substrate and also lloC-labeled 
glucose. Based on this assay, bacteria were dominant in the mineralization of 
the low molecular weight substTates (glucose and the a~ino acid mi~ure). How-
ever, the fungal component was the major contributor to the mineralization of 
starch and cellulose when these substrates were used in the final assay, but 
not when these soil mixtures were assayed using lioC-glucose. Microscopic fun-
gal biomass, phosphatase activity, and ATP levels were also monitored. These 
date provide additional information on bacterial and r~gal contributions to 
the decompoSition of a range of plant-root derived substrates, and suggest 
that this technique may be useful in monitoring microbial decomposition pro-
cesses in the rhizosphere-rhi:oplane :one under field conditions. 
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.• rican Society of .\gronomy Meeting, Oticago, Ill.LTlois, December 1978 
Title: Correlation .~lysis of Seasonal Changes in Plant Root Associated 
Fungal-Soluble Inorganic Phosphorus -Pyrophosphatase Relationships 
in a Semi-arid Grassland Ecosystem 
AUthors: O. A. Iaein*, J. P. Nakas, and )i. A. Nagle 
Depa:rtIrlm.t of Microbiology 
Colorado State University 
Fort Collins, CO 80523 
Abstract: 
A ccr.relation analysis procedure 'WaS USEd. to evaluate the 
function:i.n.J of mycor.rhisze in a seni -arid grassla:nci, USil'lg field samples 
taken at 2-waek intervals during 1977. Vesicle ~e il'l the root 
apical region showed a strong cor:relation with c..~ in root biana.ss 
and root organic matter content parameters. How'ever, v'esicle presence 
was rot related to soil inorganic pl'x)sphorus changes. An inverse 
relationship between vesicle presence ani the pH 5.5 ~tase 
'WaS noted. usin; frozen soil sanples, wh..ile no Sl.X:h relationship was 
noted. usin; un:f:rozen soil samples, or with pyropiDsphat:ase measu.:rements 
at pH values of 6.5 or 8.5. These results provide field derived 
evidence that vesicles do not appear to play a role in ~spharu.s 
transfer, blt IDay be tIOre related to the transfer of carl:::on fran the 
plant to the myoosymbiont. A mict'Oso::IPic fungal bianasS showed. streng 
conelations wit..'l a chemical assay for glucoseamine, i.ndicatinq that 
this chenical assay cculd be used for minitorjn;J plant~:r::Cti%al 
inter3Ctions under field corxiitions. 
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To be presented at t!'le 1979 Society of Range aanagement Meeting, 
February 11-14, 1979, Casper, Wyoming 
TITLE: Storage Effects on the ~licrobiological Characteristics of 
Surface Soils Used in Oil Shale Revege~tion Pro~~ 
AUIHJRS: D. A. Klein. L. E. Hersman and F. B. Ree,:es, Departments of 
~fic!'Obiology and Botany. Colorado State University, Fort 
Collins, Colorado 80523 
Abstract 
TIle effects of suriace versus subsurface soil sto1"3ge on the micro-
biological characteristics of a soil planned ror use in revegetation ever 
unretorted and retorted oil shale materials were evaluated in this study. 
In April of 1978, a surface soil storage pile of approximately Z.Z meters 
depth and 6 x 15 meters width and length, with sloping sides, was 
installed at the Piceance Creek Revegetation Techniqu~ study site. .~ter 
3.5 months of storage, without establis~ent of vegetation. differences 
in the microbiological characteristics of surface (0-40 em) and subsurface 
(80-150 en) soils were observed. The surface soils showed a decreased 
potential for supporting nitrogen fixation and the soil from this :onc, 
subject to greater temperature and rooisture variations, had an ot'ganic 
matter level a?proximately O.I-0.2~ lower than that of the soil stored at 
greater depths. The surface soils also had decreased microbiological pop-
ulations, phosphatase activities, and exhibited a soil pH approximately 
0.1 unit higher than the soils stored under subsurface conditions. Bv 
use of a laboratory plant infection assay, the mycorrhi:al coloni:ation 
potential of soils stored under surface .:md subsurfa.ce :::ond1 hons was 
found to decrease with time. These results suggest that if soils are to 
be stored wi~~out the establishment of a plant community. 5torage at 
greater depths may help to preseM;e all-over microb hI acti vi.ty; :.11 though 
mycorrhizal infection potential ~ill be Jecr~sed. If possible, pla~ts 
should be established on suc!1 materials, to provide an in?ut of crganic 
carbon and to allow maintenance of the rnycorrhi::al infection potential 
of these soils. 
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To be presented at t.:,e Sympc:sium on Oil Shale Sampl.ing, Analysis ani 




Monitoring of Retorted Shale Effects on ~n-s)mbiotic and 
Symbiotic ~itrogen Fixation Processes: A Factor in the 
Design and ~~agement of Stored Topsoil Use in Revegetation 
Programs 
D. A. Klein and L. E. Hersman 
Department of ~ficrobiology 
Colorado State University 
Fort Collins, Color3do 80523 
In a laboratory studY, the effects of varied additions of ~etorted 
oil shale to a topsoil to be used in revegetation over retorted 3t~le 
were monitored, to determine the relative sensitivity of a series of key 
microbiological processes ~o the presence of these materials. .~!mbio-
tic nitrogen fLution ""as found to be particu13.rlr sensitive to the 
presence of retorted shale, among the parameters tested (Hersman and 
Klein, submitted for publication). TIlis suggests that the measurement 
of as)mbiotic nitrogen fL~ation may provide a convenient •. inexpenslve 
means of evaluating the potential effects of various oil shale retorting 
residues on biogeochemical cycling processes in soils. With the sensi-
tivity of nitrogen fixation by free living microorganisms, or possibly 
by microbes associated with grassland legumes to these materials. the 
availability of methodology for the evalU3tion of retorted shale 
effects on nitrogen fixation \~uld appe3.r to be useful in an oil shale 
management progr:mt. 
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Title: Phosphatase Activit'J as an !niicator of Selective Mic:robia.l 
Decanpositial in a SEmi-arid Grass.L.mi. 
Authors: J. P. Naka.s * ani N. J. Naqle. 
Abstract: 
Department of Microbiology 
COlorado State University 
Fort COllins, CD 80523 
Phosphatase activit'tJ was ronitcred at 3 pH levels (5.5, 6.5, 8.5) 
in soil cares taken fran the Pawnee National Grass.lan:is during 1977-78. 
When assayed in control soils as well as soils amended wit.'1 1.0% 
glucose, starc.'l, or cellulose, t.~ phosphatase activity profile was 
pH 6.5 > 5. 5 > 8.5. How'ever, soils amended. wi t.'l an ar:ul1o acid mixture 
dec::tenStrated alkaline phosphatase aC+-..ivity W'hich increased several 
-1 -1 fold (150-1200 ug PNP released • hr • g soil).:et-ween 18-24 how:s. 
Duri.n:; the sane time period, the pH of .the soil increased fran 6.8 to 
-1 336 ug NH3 - N • g soil. In t.~ presence of streptanycin, the 
a.1.ka...line phosphatase activity was inh..iJ::)ited ani ranained constant for 
the duration of the experiment. Phosphatase-p:>sitive fungi datcn.strated 
an opt.irm.Jn activity at pH 5.5 in 17 of 19 fungal. c'.l.ltu..~ tested, whereas 
FhOsphatase-pOsitive bacteria TNere mst active at pH 6.5 and 8.5. 
POOsphatase assays on axenic cultures of blue grama (30u~elou.a qraaiZis) 
grown in agar and sterile soil, iniicated that the daninant grassland 
plant species contributed only pH 5.5 activity. These data indicate 
t."at the use of ~-se.lective phcsphatase activity am ('OSsjbly other 
enzyme systans may pror.ride additional infOIJnation on bacterial and 
fungal contributions to dec::c:rn;:osi tion processes. 
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Title: Effects of a retorte:i oil shale on oon-pla.~t associated and 
leguuinous nitrogen fixation. 
Authors: L. E. Hers:aan am E. l-blitoris 
Depa.rtlnent of Mi.crobiolcgy 
Colorado State University 
Fort Collins, CO 80523 
Abstract: 
'l\.o experiments were perfctItEd to deteJ:mi.ne the effects of a 
retorted oil shale, processed by the parahoe procedure, an nitrogen 
fixation in a western Colorado soil. L~ the first experim:mt the 
retcrte:i oil shale was added to soils in various concentrations. With 
i.n::reasirq concent:ations of retorted oil SI.'1ale, significant reriuction 
in non-plant associated nit=ogen fixation, as deteIlnined by acet:ylene 
reduction, was observed. In the sec::on:i ex;:eriment the soil-rewrted. 
oil" shale mixtures were see:le:i wit.~ bvo legumil10us pl.a.r.ts, alfalfa and 
sanfoin. Al thou;;h the nunber of ncdules per gram OrI plant root was 
wm£ected by an i.Ix::rease in shale concentration, lequninous nit...-ogen 
fixation increased with increasing conce.'1trations of the retorted oil 
sbale. These f.i.nd.iD;Js suggest that non-plant associated and legurninals 
ni c:ogen f.ix.in:J systans are affecta:i differently by the a::mponem:s in 
the retortai oil shale ~le used in this stlJdy. 
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TitJ.e: catp3rison of FI'n: ani FDA Sta.in.inq with Assays of 
Physiolcqical JlctiVit"] J.I1 a Soil A.s'Oerqillus sp. 
Authors: E. :a. !ng:ham, 'It ani o. A.. Klein 
Department of Micrcbiolo;y 
COlorado State University 
Fort Collins, CX) 80523 
Abstract: 
'!he relationship be~ Fn'C (fluorescein isothiocyanate) or 
FDA (fluorescein diacetate) stairti.r.g an:i ?hYsiolc:gical activity was 
examined. to ev-aluate t.~ use of these tec::.i".rli.ques in the assessne.'lt of 
functional fungal bianass. Batch fenrenter cultures of an Asoeraillus 
sp. tNere assayed t:o assess physiolcqical aC""..ivity using dry weight, 
oxyge1'l uptake, phosphatase activity, NI:P concent...-ation and 14-C glucose 
minerali.zation assays which lNe-'I"'E! ccmpare:i wit."l fluoresce.'lt st:aining by 
FI'!t: ani FDA. wi th FTI"C, hyphae stained uniiotnlly througOOut t:..~ 
growth cycle until t.1e onset of autolysis, proV'tding relatively no 
infomatiO'l on the physiological S'Cat:e of the culture. FDA st.aJ..ned. 
early exponential cells brightly I af-=er whl.C.."l fluorescence aa:reased I 
whereas !'l'IaJdlnml physiological ~..ivit:y as estmated by the other assays 
occurred later in t."le gr<:7Nth cycle. These:-esul ts ~rt the ccn-
and baCkgroun:i to allow an easier est::r.lation of bianass but further 
research appea..r;s to be required. to evaluate t.;".e relacionsh.1.p be~ 
FDA stai.nir¥; and furlctional fungal bianass. 
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1'i tie: Revegetation Technique Effects on the Microbiological 
Claracteristics of surface SOil used for ReclanBtion 
over Retcrte:i Oil Shale. 
AuttDrs: D. A. Klein*, and L. E. Hersman 
Department of Microbiology 
COlorado State University 
Fort COllins, CO 80523 
Absttact: 
'lbe effects of varied planting mixtures (native, intro:luced, 
mixed), ferti.lizer treatments, see:ting techniques, arx:l irrigation of 
tile midrobiological c.haJ:acteristics of soil used in revegetation over 
retorted shale "Were investigated using test plots located in the 
Piceance Basin. OVer btO growing seasons, significant correlations 
~ nota:i bec,..teen soil organic matter changes, soil water content, 
dehydrogenase, phosphatase, N2 fixation potential and soil ATP, in 
relation to spe:ti~ revegetation procedures. For the irrigated 
sub-plots, maxirmJm orgar.ic matter accretion oc:::cu:rred with the native 
plant mixture, while without irrigation, the intrc:x:iuc:ed plant mixture 
gave better organic matter iIx:reases. These responses were indepen:ient 
of fertilizer treatments, and soJ..ls t.re:lted with mineral nit=ogen 
tended to have decreased nitroge.~ fixation potentials, far Wlich 
effects at P = < 0.06 we...~ note:i for the spring revegetation technique 
plot sampl.in:]. These resu.l ts suggest that microbiolcgical process 
m::mitcrin; can be useful in evaluating t.1-te rrore subtle effe::ts of 
revegetation al'te-"'Ilatives for surface soil rec.1.anatian after oil shale 
processin; • 
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ABSTRACT - J. EnV. 0Jal.i ty ManllSCript 
'lbe effects of ret:::ot te:l oil shale addi ticns en the mic:rc:biological 
characteristics of ~.ace soils were investigated in a laboratory stlXiy. 
SOils were mixed with retorta:i oil shale at 5, 10 an::! 25% addition leve.l..s, 
an:i ~ with In::mal soil ani retrxted shale over a 2.5 mnth Fericd, 
with evaluation of microbiological. parameters carried Olt at Go W'eek 
inter.1al.s. 'llle effects of shale on these processes .. .ere evide..'1.t within 
two weeks of incubation, am ~hout the ranai."Xier of the. study smi.la.r 
relative retorted shale effe:::ts were rx>ta:i at the vario.ls addition 
1~1e.Ls used. \'lith retorta:i shale pres6.Tlt at up to 10% by ,...eight, no 
negative effects on oxygen uptake, or on actinanycete am bac-...erial 
viable ~ticns were oota:l, while significant effects en nitrogen 
fbcatial as measured by acet'jler.e reduc+"...ian, dehydrogenase activity, 
fungal viable t=OPUlations, radioac-..i ve glucose mineralization, ani Kr.J 
con=ent:l:ations occurred. With higher concentrations of retorted shale 
present, distiI'lCt effects on oxygen uptake ani actinanycete v'....able 
populations also were detectable. These st1Jdies suggest that nonsymbio-
tic nitrogen fixation in surface soils may be especially 5e.'1Sitive to 
t.1:e presence of retorted oil shale. It ~ a~ necessary to assure 
that suf£icient surface soil is used to cover oil s.Ule materials to 
allow develq;ment ani furx:tioning of a diverse vegetaticn-mic:obiolcgical 
c:axmunity; where the influsre of urxierlying shale materials on these 
processes YtOUld be minimized. 
h3ditional :iIxlex words: retcrted-oil shale, e.."1Vironmental effects, 
surface soils, microbiological c.'1aJ:acteri.stics, ni ~ fixation, 
reclamation processes. 
IMPORTANCE OF MYCORRHIZAL FUNGI IN SALVAGING AND STABILIZING DISTURBED 
SOILS AND RETORTED SHALE WITH NATIVE VEGETATION 
Personnel: Dr. F. Brent Reeves, Jr., Associate Professor 
Ms. Sue Schwab, Graduate Research Assistant 
Mr. Clint Bishop, Graduate Research Assistant 
OBJECTIVES 
The overall objectives of this subproject are to determine the 
changes in the mycorrhizal fungi following disturbance and to relate 
these changes to rehabilitation practices. The specific objectives for 
last year were as follows: 
1. To determine the long-term viability of mycorrhizal propagules 
2. To extend the survey of the mycorrhizal status of native plants 
3. To isolate additional strains of mycorrhizal fungi 
4. To determine when revegetation species become mycorrhizal 
5. To begin field trials with spe;ces inoculated and noninoculated 
with mycorrhizal fungi 
6. To assess the contribution of mycorrhizae to flowering in 
grasses 
7. To determine the interrelationships of seed mixtures and 
fertilizers on mycorrhizal potential 
8. To analyze mycorrhizal changes in topsoil stored at the Inten-
sive Study Site. 
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PROGRESS TO DATE 
Of our initial eight objectives set for last year seven have been 
met or are in progress and one was not successful. Our ideas regarding 
the role of endomycorrhizae in revegetation practices have been formally 
presented (Reeves et al. 1979). Here we compare an undisturbed and 
disturbed sagebrush ecosystem and show that there is a strong correlation 
between the presence of viable propagules of endomycorrhizal fungi and 
the aboveground vegetation. This concept is extended to primary succes-
sion in harsh habitats wherein the absence of mycorrhizal fungi dictates 
the types of invasion plants which can survive. In this paper we list 
the mycorrhizal status of the native plants in both disturbed and 
undisturbed habitats. 
In an attempt to more accurately measure the population of viable 
propagules of mycorrhizal fungi we have formally presented our bioassay 
(Moorman and Reeves 1979). Under many circumstances the number of spores 
of these fungi present in the soil is not indicative of the actual 
potential of the soil to support mycorrhizal formation. In certain 
circumstances no spores are produced and in other circumstances many of 
the spores are inviable. Our bioassay measures the active inoculum in 
the soil without reference to numbers of spores. We have used this 
bioassay to measure mycorrhizal infection potential (MIP) in variously 
treated soils at the Intensive Study Site in the Piceance Basin. 
Long-Term Viability of Mycorrhizal Propagu1es 
Our first major objective was to determine the long-term viability 
of propagules of mycorrhizal fungi. Our experimental design uses the 
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Annual Disturbance Plots. To date our data show that with increasing 
disturbance the MIP of the soil falls (Table 52) in both the 1976 and the 
1977 duplicate plots. With time we expect the MIP of those plots with 
little or no vegetation (Treatment 3 and 4) to fall whereas those plots 
in which the vegetation recovers (Treatments 1 and 2) should exhibit 
increased MIP. In both Treatments 1 and 2, 1976, the vegetation is now 
recovering from the disturbance and the MIP is higher than the Treat-
ments 1 and 2, 1977, plots where the vegetation has not yet recovered. 
In contrast, ;n the severely disturbed Treatment 4 the MIP is less in the 
1976 plots than in the 1977 plots. In this case we believe the decrease 
in the 1976 plots is due to death of the viable mycorrhizal propagu1es 
since there is little or no vegetation to support their growth and 
survival. Additional years' data will confirm these data and indicate 
the long-term viability under natural conditions (Reeves et a1. 1979). 
Mycorrhizal Status of Native Plants 
Our second objective was to extend the survey of the mycorrhizal 
status of native plants in the semiarid West. Table 53 and the compila-
tion in the paper by Reeves et al (1979) lists the current status of our 
survey_ Some interesting results have been found to date. Certain 
traditionally nonmycorrhizal families contain a few species which appear 
to be mycorrhizal under native conditions, e.g., AtripZex aanesaens~ 
Ceratoides Zanata~ Eriogonum ZonahophyZ Zum~ E. effusum~ Rumex arispus ~ 
and R. venosus. We intend to carefully study the mycorrhizal infection 
on AtripZex and Ceratoides since both these species are important revege-
tation shrubs for arid sites. Of equal interest is the absence of 
mycorrhizae on both MenzeZia nuda and Oenothera nuttaZZii. Both these 
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Table 52. A comparison of mycorrhizal infection potential 
(MIP) in soils subjected to increased distur-
bance (Treatments 1-4) for the Annual Distur-
bance Plots. (Note the MIP decreases with 
increased disturbance.) 
Treatment 1976 1977 Number 
1 83.6 67.1 
2 81.9 64.9 
3 58.6 44.5 
4 32.8 45.6 
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Table 53. Endomycorrhizal associations across a dry grassland creek bed. 
C'J -5 u 
.:t' c: 
V') 0 .. c: .,... 
V') 0 .+oJ 
.+oJ .,... U c: .+oJ (J) 
Species Planted l - to U 4-~ r-- (J) c: 
'-' Co. en ("I") -(J) » 4- 4- U 4-
U 0 0 c: 0 c: (J) 
to ~ ~ ~ (J) 
.+oJ (J) (J) ~ (J) 
V') -@ .0 ::s ~ c: 5 u C') 
0 ::s ::s u (J) u z z 0 0 
Phylum Pteridophyta 
Family Equisetaceae 




Agropyron smithii 100 6, 60 C,N,T M** 
Bouteloua graailis 100 3, 30 N M** 
Bromus teatorum 70 3, 30 T M** 
Elymus canadensis 40 3, 30 C,T r~** 
Oryzopsis hymenoides 100 6, 60 C,N,T M** 







100 4, 30 C,T M* 
Order Caryophyllales 
Family Nyctaginaceae 
Mirabilis hirsuta 30 6, 15 N M-
Mirabilis Zinearis 10 1 , 25 N M-
Family Chenopodiaceae 
Atriplex aanBscens 100 3, 30 N M** 
Chenopodiwn a Zbum 90 4, 60 C,N,T M-
Chenopodium Zeptophyllum 50 3, 30 N,T M-
CoPispermum hyssopifolium 60 2, 15 C M-
Eurota lanata 100 2, 30 N M* 
Koahia saoTxlria 100 6, 60 C M-
MonoZepis ~uttalliana 60 3, 30 C M-
Salsola kaZi 100 6, 60 C,N,T M-
Family Amaranthaceae 
Amaranthus graeaizans 50 3, 20 C M-
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Order Polygonales 
Family Polygonaceae 
Eriogonum effusum 100 3, 30 N M* 
Polygonum aviculare 10 2, 25 C M-
Polygonum ramosissimum 80 3, 30 C M-
Rumex crispus 10 1 , 30 T M*** 






Sphaeralecea coccinea 100 3, 30 N M** 
Order Violales 
Family Loasaceae 
Menzelia nuda 70 3, 10 C,T M-
Order Salicales 
Family Salicaceae 
Populus sargentii 10 No roots were collected 
Sal i:x: eriqua 20 1 , 30 T M** 
Order Capparales 
Family Capparaceae 
Cleome serrulata 10 1, 30 T M* 
Polanisia traahysperma 100 3, 30 C M* 
Family Cruciferae 
Descurania pinnata 10 Roots too old to sampl e 
Lepidium densiflorum 20 Roots too old to sample 




Ribes aureum 50 1 , 30 N,T M*** 
Fami ly Rosaceae 
Rosa aaicuZaris 30 1 , 30 N,T M*** 
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Order Fabales 
Family Leguminosae 
Astragalus bisulaatus 20 1 , 30 N M*** 
Astragalus peatinatus 30 1 , 30 N M** 
Glyayrrhiza lepidota 20 3, 30 T M** 
Melilotus alba 40 2, 30 T M*** 
Melilotus offiainalis 20 2, 30 T M*** 
Petalostamen aandida 30 2, 30 C M*** 
Psoralea lanaeolata 100 6, 60 C,N,T M*** 
Order Myrtales 
Family Onagraceae 
Oenothera nuttallii 100 3, 30 C M-
Order Santalales 
Family Santalaceae 
Commandra pa l l ida 30 6, 30 N M** 
Order Euphorbia1es 
Family Euphorbiaceae 










So lanum tri flo rum 10 Roots too old to sample 
Family Convolvulaceae 
Convolvulus arvensis 20 3, 30 T M** 
Family Boraginaceae 
Cryptantha jamesii 50 2, 25 C,N,T M* 
Cryptantha minima 40 Roots too old to sample 
Order Gentianales 
Family Asclepiadaceae 
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Order Lamiales 
Family Verbenaceae 
Verbena braateata 80 3, 30 C M*** 
Fami 1 y Labi a tae 
SaZvia reflexa 10 1 , 30 C M*** 
Order Plantaginales 
Family Plantaginaceae 
PZantago purshii 10 3, 30 N M** 
Order Scrophu1ariales 
Family Scrophu1ariaceae 
Pens temon s p p . 20 1 , 20 T M* 
Family Orobanchaceae 
Orobanahe Zudoviaiana 10 3, 7 N M** 
Order Astera1es 
Family Compositae 
Artemisia draauZauZoides 100 3, 30 N M*** 
Artemisia fiZifoZius 10 1 , 30 N M* 
Artemisia frigida 100 3, 30 N,T M** 
Artemisia Zudoviaiana 50 3, 30 N M*** 
Aster ereaoides 10 1 , 25 N M** 
Aster tanaaetifoZius 50 4, 40 N,T M*** 
Bahia oppositifoZia 10 5, 30 T M*** 
Cirsium undulatus 100 6, 30 N,T M** 
Chrysothamnus nauseosus 100 1 , 30 N M** 
Franseria disaolor 100 3, 30 C,T M*** 
Grindelia squarosa 20 1 , 30 T M*** 
Gutierrezia sarothrae 100 3, 30 C,N,T M*** 
HeZianthus annus 80 3, 30 T,N M*** 
HeZianthus petioZaris 100 6, 60 C,N,T M*** 
Heterotheaa vilZosa 100 6, 60 C,N,T M*** 
Iva xanthifoZia 60 3, 30 T M*** 
Laatuaa saarioZa 10 Roots too old to sample 
Lygodesmia junaea 100 3, 25 N,T M* 
Seneaio spartioides 100 6, 60 C,N,T M* 
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TheZespe~ megabotaniaum 20 5, 30 T 
Tragopogon dub ius 10 1 , 30 T 
Xanthum itaZioum 60 3, 30 C,T 
IThe species as listed in this table reflect their taxonomic and 
evolutionary positions as presented by G. L. Stebbins (1974). 
-1" s:: 
















2The first number of each set represents the number of plants 
sampled. The second number indicates the total length of root examined 
for mycorrhizal infection. 
3C = the plant was found in the creek bed; N = a species was known 
to occur in the native or upland areas of the flood plain; T = occurrence 
in the transitional area between the two habitats. 
4The amount of mycorrhizal infection is indicated by: 
infection; M* = light infection; M** = moderate infection; 
infe.ctlaA. 
M- = no 
M*** = heavy 
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species are found on disturbed sites; perhaps their special adaptations 
include the loss of mycorrhizal status and this allows tham to invade 
those sites which have reduced MIP. During this next year we intend to 
sample the vegetation in the harshest undisturbed sited in the Picenace 
Basin, e.g., steep south-facing slopes and greasewood bottom lands. 
Additionally, we have soil collected from several very different eco-
systems and intend to bait these soils for the species of mycorrhizal 
fungi present. 
Isolation of Additional Strains 
The third objective was to isolate additional strains of mycorrhizal 
fungi. The rationale for this goal was to secure strains of mycorrhizal 
fungi already adapted to our semiarid conditions. Currently we have 
soils from microhabitats of the mid elevation sagebrush community under 
study. We hope to determine if there are species differences in the 
mycorrhizal fungi which correlate with the microhabitats and/or the host 
plants. Although most of the literature suggests that there is little 
host specificity for mycorrhizal fungi, our experiments suggest the 
contrary. The presence of mycorrhizae in Atriplex and Ceratoides in 
nature and the failure of these genera to become mycorrhizal in our 
experiments with Glomus fasaiau~tus (Kiel et al 1979) suggests that 
G. fasaiau~tus is not the normal symbiont for these shrubs. Further, 
the failure of Stipa viridula to exhibit any growth response to 
G. fasaiau~tus but the increased growth shown by Agropyron smithii 
to this same fungus indicates that the nature of the specificity of 
other strains of Glomus should be examined. 
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Mycorrhizal Infection of Revegetation Species 
The fourth objective of our research was to determine when 
revegetation species become mycorrhizal. Here our rationale was to see 
if there was a strong correlation between the success of a species and 
the ontogeny of the mycorrhizal conditions. We had suspected that the 
most successful revegetation species may be nonmycorrhizal or become 
mycorrhizal only late in their development. Our data (Figure 59) show 
that both Chrysothamnus (rabbitbrush) and Artemisia (sagebrush) become 
mycorrhizal early in their development and rapidly approach 100 percent 
infection. Agropyron (western wheatgrass) and Oryzopsis (Indian rice-
grass) are less heavily infected. Castilleja~ Ceratoides~ and Atriplex 
all remained nonmycorrhizal for the l6-week duration of the greenhouse 
experiment. These data are definitely tentative; however, they do 
correlate with some of our field observations. Both Chrysothamnus and 
Artemisia are not aggressive invaders in disturbed soils; they have high 
mycorrhizal infection early in their development. One of the more 
successful grass species on disturbed soil is Oryzopsis; it develops 
mycorrhizae slowly and remains at a low level of infection. The most 
successful shrubs on disturbed soils are Atriplex and Ceratoides; both 
genera do not require mycorrhizae for at least 16 weeks. It is now 
essential that we examine field specimens of these genera to determine 
the correlations between the field condition and the greenhouse 
experiments. 
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Figure 59. Ontogeny of mycorrhizal development of native species. 
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Plant Inoculated Field Trials 
We had hoped to begin field trials of artificially inoculated plants 
during this year, Objective 5. Unfortunately, we have been unsuccessful 
in establishing vegetative scions of the shrubs. Our visit with the 
mycorrhizal researchers at the University of Georgia convinced us we had 
to use the same genetic stock for valid statistical comparisons in field 
studies. We currently are still trying to establish vegetative cuttings 
from both sagebrush and rabbitbrush. Our success with the grass species 
(both Agropyron and Stipa) will be much greater. Our plans include 
beginning the grass experiments in the early summer. 
Relationship of Mycorrhizae to the Flowering of Grasses 
As part of a rather complex experiment involving the effect of soil 
phosphorus on the growth and development of endomycorrhizae in native 
plants we observed the effects of mYcorrhizae formation in grasses 
(Stipa and Agropyron) on flowering, Objective 6. The results of this 
experiment showed a spectacular increase in the growth of sagebrush 
(Artemisia) when mycorrhizal versus nonmycorrhizal on low P soils (Kiel 
et al. 1979, abstract). However, neither of the grasses showed increased 
flowering in the mycorrhizal condition even though Agropyron exhibited 
increased growth in 90 days when mycorrhizal. The results of this 
experiment will be submitted for publication in the near future. 
Seed Mixture and Fertilizer Effects on Mycorrhizal Potential 
Our seventh objective was to determine the interrelationships of 
seed mixtures and fertilizers on mycorrhizal potential in both the 
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Surface Disturbed Successional Plot and the Revegetation Technique Plot. 
The results of our data are given in Tables 54 and 55. On the Succes-
sional Study Plot there are no significant differences between mulched 
and unmulched plots or between plots receiving various amounts of 
fertilizer (phosphorus). However, these plots do show significantly 
decreased mycorrhizal infection potential (mean of 53.9 percent) when 
compared with the undistrubed mid elevation sagebrush community (mean of 
95.3 percent). These values correlate with the Annual Disturbance Plots 
(Table 52) where it was found that disturbance leads to decreased 
mycorrhizal infection potential. It is important that plants in these 
plots be examined to see if there is a decreased or modified amount of 
mycorrhizal infection in the successful species. On the more heavily 
disturbed Revegetation Technique Plot an even greater reduction in the 
mycorrhizal infection potential than on the Successional Study Plot 
(38.8 percent as compared to 53.9 percent) was found. Although there are 
no significant differences between the irrigated versus nonirrigated or 
fertilized versus nonfertilized subplots studied, we do find a MIP value 
(38..8 percent) which lies between the values of Treatments 3 and 4 on the 
Annual Disturbance Plots. Although these values are not absolute fits, 
there is good correlation between various treatments of the soil and the 
calculated mycorrhizal infection potential. Again we must determine the 
degree of mycorrhizal formation in the native plants on these plots in 
order to obtain data for field comparisons with greenhouse conditions. 
For these plots some of the most important information remains to be 
generated. When data is available for success of species and vegetation 
cover, correlations can be made between our data on the mycorrhizal 
infection potential of various treatments, soils, and fertilizers. 
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Table 54. A comparison of mycorrhizal infection potential 
(MIP) in selected plots (E1, E2, and E3) in the 
Surface Disturbed Successional Plots. (MES = 
mean MIP value for undisturbed soil; SSP = mean 
value for these plots.) 
Selected Plots 
Rep. 
El E2 E3 
Mulched 
I 40 66 25 
II 65 53 49 x = 52.3 
III 48 70 55 
x 51 63 43 
Unmu1ched 
I 63 49 38 
II 41 56 66 x = 55.6 
III 53 63 71 
x 52 56 58 
MES x = 95.3 SSP x = 53.9 
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Table 55. A comparison of mycorrhizal infection potential (MIP) 
in selected Revegetation Technique Plots (irrigated 
and nonirrigated) reseeded with native species. 
Irrigated Nonirrigated 
Nonfertilized x = 48.7 - 33.5 x = - 42.7 - 34.2 x = x = 
Fertilized x = 36.7 - 34.7 x = 
MES - 95.3 RTP x = 38.8 x = 
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Effect of Topsoil Storage on Mycorrhizal Infection Potential 
Our last objective, Objective 8, was to analyze changes in the 
mycorrhizal infection potential in topsoil during storage. Results from 
our assay indicate that no substantial reduction in the mycorrhizal 
infection potential occurs after four months of storage (Figure 60). We 
have sampled this storage pile at six months, but the data for this 
experiment is not yet complete. We intend to continue to make careful 
correlations of our data with that of Dr. Klein in the periodic sampling 
of this stored soil (Klein et al, 1979, abstract). 
Other Investigations 
In addition to the eight objectives set for this year we have made 
some progress in other areas in our attempts to better understand the 
microbiology of the Piceance Basin. Other investigations not funded by 
this grant include: 
1. A preliminary analysis of the major lichen species in the 
mid elevation sagebrush community. This work indicates that 
CoZZema tenax, a crustose lichen containing a blue-green 
symbiont, has a ground cover of 0.26 percent--well within the 
range of some of the "major" higher plant species in this 
community. This lichen may be an important member of the 
community because of its potential ability to fix atmospheric 
nitrogen. If possible, we intend to pursue the role of this 
lichen in the ecosystem. 
2. A preliminary analysis of the thermophilic saprobic fungi in 
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Figure 60. Mycorrhizal infection potential as a 
function of depth in Topsoil Storage Pile, 
July 1978. 
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indicates that a substantial population of thermophils or 
faculative thermophils live in the soils of this ecosystem. The 
generic composition of this thermophilic community include most 
of the reported genera. What their role in the ecosystem may be 
is not known at this time. 
Finally, we have finished our study of the vertical distribution of 
VA mycorrhizal infection potential in the mid elevation sagebrush com-
munity (Schwab and Reeves 1979). This research indicates that below 
30 cm depth the mycorrhizal infection potential falls rapidly to zero at 
less than 1 m depth. This information is important in defining topsoil 
in terms of its biological activity. Since we know that mycorrhizal 
infection potential decreases with disturbance, this information is 
useful in minimizing the decrease due to dilution with soils obtained 
from depths greater than 30 cm. This research is currently under review 
for publication. 
Summary 
In summary we have met most of our objectives, we have begun to 
measure the fluctuations in mycorrhizal infection potential under field 
conditions, and we have better defined potential problems and fruitful 
areas of research. We are now at a stage where various measurements, 
e.g., aboveground ecosystem success (revegetation success), mycorrhizal 
infection potential, and various other microbiological processes, can be 
synthesized into a coherent concept of the interrelationships of the 
belowground processes to the aboveground ecosystem. Such an understand-
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F. Brent Reeves, Department of Botany and ?lant Pathology. 
Colorado Scaee ~niversity. Fort Collins. 
!HE ROLE OF ~~OMYCORRHlZAL Ft~GI IN RECLAIMING DISTURBED 
O!i. SHALE LANDS 
In a native, mid-elevation sage brush community (MIS) 
located near the focus of oil shale activi:y in Western Colorado 
100% of ~he 12 major ~pecies of higher planes are infected with 
vesicular-arbuscular mycorrhizal fun'li. In sharp contrast, in 
an adjacent heavily disturbed site (OS), tne v~getation is totally 
differene, consisting ?rimarily of weedy species; less ~han l~ 
of these species are infected with ~corrhizal fungi. A bioassay 
uSing corn confirmed the great reduction of viable propagulas of 
the mycorrhizal fungi in the disturbed area. When grown in ~ES 
soil :;~le corn roots were 77: ir.fected; when gro\."t'l. in DS soil t:he 
corn rooes were ~~ infected. The strong correlation between 
stable. sage ecosystems and abundant mycorrhizal fungi and the 
absence of these fungi in disturbed areas indicates that: =ain-
c:aining or reestablishing these essentail rungi is necessary 
when attempting to renabilitate disturbed soils to a stable 
ecosystem. 
15 min 2 x 2 slides 
To be presented at the U'A Oil Shale Sampling, Analysl.s and Qualit:: 




REEVES. F. BREN't, T. MDOR.'1AN, S. SCHWAB, M1) E. RED~. Correlations Among 
Land Disturbance, VA-Myocrrhizal Infection Potent~al, and Vegetation Cover in 
a ~id-Elevation Sage Community. 
In 1976 duplicate 6 x 8 m Annual Disturbance ?lots, consisting of four 
increasingly harsh disturbance treatments, were established in a m1d-elevat1on 
sage (MES) community. In Treatment 1 the vegetation was scrapped with a 
caterpillar blade; in !reacmenc 2 the vegetation was stripped and the soil 
ripped to 30 em; in !reacment 3 the topsoil and sUDsoil were mixed to a 
depth of 1 m; and in Treatment 4 ewo m of soil were removed and replaced in 
reverse order. None of the plots were reseeded. Using a bioassay the 
mycorrhizal infection potencial (~IP) of the undisturbed MES community and 
the four Treatments were compared. !he ~S had an MIP of 95.3%. Treatments 
1, Z, 3, and 4 had XIPls of 83.6, 81.9. 58.6. and 32.8 :. respectively. 
Vegetation cover for the MES was 22.4:. Treat~ents 1-4 had vegetation 
covers of 10.05, 0.8. 0.05, and 0.0 :;. respectively. Similar plots estab-
lished in 1977 showed similar !'esults except th.:l.t :he ~!I? of Treatment ~ 
was significantly higher than In :he 1976 ;:>locs....c conclude from these 
data that ~IP is a useful measure of the natural rehabilitation or revegetation 
?otantial of disturbed soils i~ th~ semi-arid ~ast. 
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BISHOP, CLINTON L. Effects of Light Intensity on Vesicular-Arbuscular 
~I...,.corrhizal Infection in ~ mays. 
Corn plants were cultivated over a 24 day period in a growth chambe= 
(14 hrs light at 30°C and 10 hrs dark at 20°C) under three different light 
intensities. Plants grown under 400 ft-c showed significantly lower levels 
of vesicular-arbuscular endomycorrhizal infection and less plant growth 
enhancement as compared to pLants grown under the higher light intensities 
(800 and 1600 ft-c). These reSults demonstrate the importance of control-
ling environmeneal factors when evaluating the effects of endomycorrhizal 
fungi on growth enhancement of higher plants. 
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sCrtWAB, St~~E. Rate of formation of VA ~ycorrhiza~ in Seedlings of 
Seven Species Native co the Mid-Elevation Sage Community of Northwestern 
Colorado. 
Seedlings of seven plants native to the mid-elevation sage community 
of ehe Piceance Basin in northwes~ern Colorado were grown in the greenhouse 
in soil collected from an undisturbed sice in the Piceance Basin and sam~led 
at weekly intervals co determine the age at which these plants became 
=yeorrai:al, and the length of t±m~ required for each species to reach its 
maxiJlull level of infection. Artemisia trideneata, Chrysothamnus nau..seosus, 
~d Azro?vron smithii became heavily infected within four weeks of seedling 
emergence and maintained these high levels of infection throughout the 
four month sampling period. Sphaeralcea munroana also ~ecame heavily 
infected within four weeks, bue the proportion of mycorrhizal roots then 
decreased as the thick tap root typical of this speCies developed. Oryzopsis 
hymenoides became only moderately mycorrhizal and showed the greatest 
variability in regard to mycorrhizal formation among the species exa~ed. 
Neither AeriDlex canescens nor Ceratoides ~ showed any Sign of 
mycorrhizal formation in six months. these results correlate with the 
relative success of these species as invaders of distulbed sites. with 
those species that are least ~ycorrhizal as se~dlin~s beL.g the most 
successful invaders. 
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The Rold at I:::ndomycorrhizne in Revegecation Practices in the S~mi-Ariu West. 
r:1. V\!rcicnl Distribution of VA Mycorrhizal Infection Potenc:inl· 
.., 
Suzanne Schwab and F. Brene Reeves· 
Department of Botany and Plane Pnthology 
Colorado State University 
Forc Collins, Colo~Ddo 80523 
ABSTRACT 
The changes in VA ~ycorrhizal infection poc:enC:ials ~n soil profiles from 
n ~id-elevacion sage community were measured using a corn bioassay_ . V~i infec-
cion potential was significantly reduced below 30 em depth and ~pproached ~ero 
at l\!ss t~an 1 Q depch. The decrease in infection potenti~l wieh depch in 
JiluCi:U soils Jill noe always pnralllll chan;es in ttle undiluted soils, indicnt-
i~g factors other chnn numbers of inoculum units also may be important in 
Jeccr:nining thd exeenc of mycorrhiz;ll fort'!'k"ltion. The rcl~cionship of these 
~esulcs co land disturbance and associated dilution or rdduction of pop-
ulations of mycorrhizal fungi and to defining topsoil is discussed. 
Submitted to 
American Journal of Botany 
December 1978 
lReceived for publicncion 
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The Role of EadomycoC'rhiz:ae in Revegetation Practices in ehe Semi-Arid 
\.{est. rl.'. Soil ?hosphorus Efiects ')n Growth .md EndomycorrhizaJ. Devel-
opment in Native Plants 1 
Jean E. Kiel, F. Brenc Reeves. E. Redente, and C. '.I. Cook"' 
Department of Botany and Plane Pathology ana 
Depar~ent of Range Science 
Colorado State University 
Fore Collins, Colorado 30523 
ABSTRACT 
Mycorrhizal associaeions wieh 5 species (Aeri~lex canescens. Ceratoides 
~. ArCe::1isia cridenc.:lta. ~ 'firid>11.:l. a:to A;ronvron ~) were 
evaluated in terms of their im?act on plant ~rowcr. in the $reenhouse. Three 
soil phosphorus (P) regimes (no?, 25 pp:n P, and SO ? .. m C>', were i:1lposed upon 
eac~ species. One-half of the planes in eacit re~ime were ~nocul.:lted wieh 
ene 1.'.\ :tycorrhi:a.l fungus ~ i.:1Scicu:'atus. :i:.. =.:l:t~scens ana f.:. ~ 
Jid not become Clycorrhi~al. Innibition or iilYCIJC'!"lll.::.ll .. ni':I.::10n aCCOil;?l:licd 
phosphaee :ertili::aeion in the .)tner J species. ~!ycotTnizal (:1+) t;reatlllents 
or L Vl::-i:1'Jla exhi!;)ieed no signifi':.:lnt incraase i.n 6roweh over ehe non-
:':lyc~:r:u.:al ,::-) treae::lenes. :.t 90 cal'S che :i:.. ~ :1+ no P treac:nent 
exni~ieed a J5: increas= ~n weighe over ~cs :lon-m)cor~hizal counter?art. this 
~:fect was noe Jetacted ~fter 180 Jays. The amount or ? presene in che 
driec tissue of t~. grasses ~id not correlace wi=h the presence ot ~ycorrhizae. 
!~e ~1+ !'to P c':'e:Jcmenc of :h ::identata exnibieed incrt.!ases or t:'3:: 11' 
'Jeighe, 51-: ~n h€'i;he ... 10.;1 51~. in pLane cissue ? cCC1pared ·.nt:~ the ~- no P 
t:'eatmenc. !n c:'i£ sj)e.:itts the presence oi m·;corriu.z.le acc;ompanl.e<i oy an 
increase in ? u~cake cQrr~spo~ds to inereased plant groweh. Added P car. 
obviate th~ need fcr ~ycQrr~i=al :ungi under greenhouse con~itl.ons. 
-Received EoC' publication 
a :ncsis subml.c:ed oy ltK. 
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SIORAGE EE1"Ex::1S 00 'mE MI~IOI.CGlCAL atA~sr!CS CF StJRF;.c:E 
sons USED IN OIL SHALE ~aJ PRCCI',N·\s 
O. A. I<LElN*, L. E. HERSM1\N and F. B. RED1ES. Depa.r'tm:!nts of 
MicrobiolCXJY and Botany--<oloradc State University, fon Collins. 
COlorado 80523 
'nle effects of surface versus substlrface soil storage 0."1 the mic::'O-
biological characteristics of a soil pl.lnneci for use in rcolegetaticn 
over unretcrted and retorted oil shale r.ilteri.:Us were evaluate::i in 
this stu:1y. In April of 1978, a surface soil st:.orage pile of approx-
itMtely 2.2 meters depth an;l 6 x 15 meters wid~'l <lOO length, with 
slcping sides, was i.nstalle::i at dle P ic:eance creek Reveget.J. tioo 
Tec"1n~que st~y site. After 3.5 m:::nt.'1S of storage Wl.tr.cut est..'lblish-
!reIlt of vegetaticn, sane significant differences in tile mic:rc:oiologiQl 
ch.:lr3cteristics of surface (0-40 an) and subsurface (50-150 c:t) sci.!.s 
were ccserve:l. 'lbe surface soils ~ a significant: decrease in 
asymbiotl.C nitrogen fixaticn FOtential, and tne soU fran this zone, 
subject to greater terp!l:3ture and rrcisture varUiticns, had an organic 
matter level approximately 0.1-0.2' lo...er than that of ti'.e soil stored 
at g:rea. ... ~ depths, su;gesting ~'"lac the peric:rlic wett.inq and. d..rying wr.ich 
can occur in this zcn! had made the soil orgruuc rmtter rrore aV<1.J.lable 
for mic:::robiological dec:."O"l'p:)Siticn. The surface soils also tendro to 
have decreassi microbiological pcp.1latioos an.:1 phosphataSe actiVl.:'~I.!S, 
andexhibia!d a t:H apprcximat.e.ly 0.1 \.:'lit higher thln the soils stored 
under suC-surface cxn:1it.ia'1s. In cx:ntrast, the dehydrogenase a~ivit:y, 
with arxi wit:trA.lt glucose amenjztem:,s, and the ~hizal infectJ.On 
potential s:"r:'IW1ed. 00 distinct c.'"langes wi til depth of soil storage aver 
this period. By use of a latorat:or/ plant ir.fecticn .:lssay, the 
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rt'I'fCCX'rhizal colonizatial potential of tre stored soil tMlS found to 
range fram 10-33\ root infection, wi~~ ~ ~vcr~ge of 21.08~ for ~ll 
test core am depth repl..ications (SO = 7.55). Und.i.sturted surfxe 
soil (o-15 en) in this area nomally have an infect.iat potential i.., 
the range of 34-31\, an:! the lower infectioo level cbsarvai for tr.(,;' 
mi."U!d soil fl:an the stcraqe pile 'AIS within the r3nge of dilutioo whi..:h 
\Olld occur in mi.Unq material fran t."le 0-38 t.lft depth uso:i in con-
stru::t.ial of the pile. 1l'lese results SU;gest tJ1at if soils .J.re ~ ::e 
stored witix)ut the establislT.2nt of a pl~lt ~it"i, t.~t stor.:lge it. 
greater depths nuy help to :raintain rrorc sensitive microbi.ll par.:~r.\.:t.~s, 
loss tnrough wet.ting an:1 drylJ1g prcx:esses. If possible. ?l:.."1::s s~d 
te established on such rraterials, to provide ."\Cl input of org~ic c.J...rtCn 
anl to ma.i.ntain or possibly .iJ:;lrcve the ~"Orrhi%al iniectic:n ?'tQ.'1t.i.ll 
of these soils prior to use in reveget.:lticn pro:;rams. 
Presented at 
Society for Ranoe Manaaenent Annual ~q 
Casper, Wyaninq 
12-15 Februa%y 1979 
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F. BRENT REEVES*, T. MOORMAN, S. SCHWAB, AND E. REDENTE 
Departments of 
Botany and Plant Pathology 
Range Science 
EXPERIMENTAL EVIDENCE FOR THE RECOVERY OF A SEMI-ARID 
ECOTYSEM AS A FUNCTION OF MYCORRHIZAL INFECTION 
POTENTIAL OF THE SOIL 
Recent evidence suggests substantial reductions in the 
populations of VA-mycorrhizal fungi following severe distur-
bance of semi-arid soils. We have suggested that the slow 
rate of recovery of native vegetation can be related to 
mycorrhizal infection potential (MIP) of the soil. To test 
this hypothesis duplicate sets of 6x8 m plots consisting of 
four increasingly harsh disturbances (1-4) were established in 
a sagebrush community 1976 and 1977. Our bioassay of the MIP 
of the undisturbed sagebrush community was 95.3% in 1978. MIP 
values for the four treatments in the 1976 plots were 83.6, 
81 .9, 58.6, and 32.8%, respectively, for plots 1-4 in 1978. 
Vegetation cover values were 10.0, 0.8, 0.05, and 0.0%, 
re£pectively, for plots 1-4. The 1977 duplicate plots showed 
similar results. These data are consistent with our 
hypothesis that in semi-arid environments natural recovery of 
ecosystems is correlated with the MIP of the soil. 
To be presented at the 
BOTANICAL SOCIETY OF AMERICA 7TH ANNUAL MEETING 
Oklahoma State University, Stillwater 
12-17 August 1979 
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THE ROLE OF ENDOMYCORRHIZAE IN REVEGETATION 
PRACTICES IN THE SEMI-ARID WEST. 1. A COMPARISON OF 
INCIDENCE OF MYCORRHIZAE IN SEVERELY DISTURBED VS. 
NATURAL ENVIRONMENTSI 
F. BRENT REEVES,2 DAVID WAGNER, THOMAS MOORMAN, 
AND JEAN KIEL 
Department of Botany and Plant Pathology. Colorado State University. Fon Collins 80523 
ABSTRACT 
A comparison of a natura!. undisturbed ecosystem. a mid-elevation sage community. with a severely 
disturbed aid roadbed through this community reveaJed that more than 99% of the plant cover in the 
natural community was mycorrhizal (vesicular-arbu5Cular). whereas less than 1% of the plant cover 
in the disturbed area (roadbed) was mycorrhizal. Exampjes of nonmycorrhizal plants as primary 
successionaJ species in severely disturbed habitats are discussed. The imponance of maintaining or 
re-establishing the mycorrhizal fungal component in reclamation programs designed to produce stable 
ecosystems is emphasized. 
A COMBINATION of intractable factors viz .• fossil 
fuel development and fragile ecosystems. neces-
sitate the development of the best methods for 
re-establishing diverse. stable. and functional 
plant communities on disturbed land. These eco-
systems should be established with a minimum 
of investment of scarce resources. e.g .. fertil· 
izers. water. fossil fuels, and man power. The re-
establishment of functional ecosystems pre-
sumes a knowledge of both the important macro-
and micro-components of the system. i.e .• both 
the above- and below-ground elements consti-
tuting the system. Vesicular-arbuscular (V A) 
mycorrhizae are among the ubituitous compo-
nents in below-ground ecosystems (Wilhelm. 
1966: Gerdemann. 1%8. 1971. 1975: Smith. 1974: 
Read. Koucheki, and Hodgson. 1976): the fungal 
symbionts appear to be essential in most ecosys-
tems (Hacskaylo. 1972: Mosse. 1973: Gerde-
mann. 1975): these fungi therefore must be stud-
ied to understand ecosystem changes. 
As part of our integrated studies on rehabili-
tation potentials of stable ecosystems in semi-
arid Colorado oil-shale lands we have been in-
vestigating mycorrhizae in native and disturbed 
habitats. This study specifically compares the in-
cidence of V A mycorrhizal plants in an undis-
turbed sagebrush community with the incidence 
of V A mycorrhizal plants in a severely disturbed 
area adjacent to the undisturbed site. 
I Received for puhlicalion 5 April 1978: revi~,on accepted 
11 Seplemher 1978. 
~ Th,.. work wa!oa !oaupponed by ERDA Contract El 11·1 ). 
4018 to FBR. 
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MATERIALS AND METHODS-The undisturbed 
study site is located near the focal point of oil 
shale activity in the Piceance Basin in western 
Colorado. The site is at an elevation of approx-
imately 2.040 m. precipitation is approximately 
38 cm annuaJly. and the ecosystem is character-
ized as a mid-elevation sage community (Ward. 
Slauson. and Dix. 1974: Sims. 19n) with widely 
scattered patches of pinyon-juniper associations. 
Soils are clayey loams or loamy clays up to 160 
cm deep over shale. 
The disturbed study site is an old roadbed 
which runs through the sage community. This 
roadbed was abandoned and then ripped to a 
depth of approximately 46 cm in 1973. No re-
seeding of the roadbed was attempted. 
The official location of the study sites is as 
follows: W Yi. Sec. 4. T 2S. R. 98 W. 
Ten 30 m line intercept transects and five m;! 
quadrats' along each t"ransect were used to deter-
mine the percent cover and frequence of occur-
rence of species present in the undisturbed com-
munity (Sims. 1977). Similarly. in the disturbed 
old roadbed (approximately 12 m wide). line in-
tercept. quadrat methods were used. 
Throughout the spring and summer of 1976 and 
1977 at least three specimens of each of the major 
species present in each area were carefully dug 
up and the roots were fixed in FAA. In the lab-
oratory the fixed roots were cut into I cm sec· 
tions. cleared in hot IWr KOH. and stained in 
trypan-blue lacto-phenol (Phillips and Hayman. 
1970). The stained sections were mounted in col-
orless lacto-phenol and examined at 125 x and 
500 x for the presence or absence of mycorrhizal 
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infections. A root was considered infected if it 
showed hyphae + vesicles. or hyphae + arbus-
cules. or hyphae + peiotons. or any combination 
of these structures characteristic of V A infec-
tions. 
RESUl TS-Table 1 lists the species found in 
each of the ~ites and the mycorrhizal status of 
each species. In the mid-elevation sage (MES) 
community only two of the 42 species present 
were nonmycorrhizal. whereas on the disturbed 
site CDS) 15 of the 21 species present were non-
mycorrhizal. 
A more accurate concept of the relative im-
portance of each species is given in Table 2 in 
which the mean percent ground cover and my-
corrhizal status of each important species is giv-
en. In the MES community only 12 species have 
a percent ground cover greater than 0.1% and all 
these species are mycorrhizal. The· antithesis of 
this condition occurs in the disturbed site: only 
one species had a percent ground cover of 0.1% 
or more and this species is non mycorrhizal. 
Soil analvses indicate that there are few dif-
ferences in' the soil from the adjacent sites in 
spite of the large differences in species compo-
sition and mycorrhizal status (Moorman and 
Reeves. 1979). 
DISCUSSION-Abundant research indicates 
that most plants. both fossil and extant. growing 
in natural environments are dual organisms-the 
higher plant root and fungus form a mycorrhiza 
(Gerdemann. 1968. 1971. 1975: Pirozynski and 
MaJlock. 1975). The interdependence of the 
plant-fungus relationship has been described as 
"the ultimate in reciprocal parasitism" (Hac-
skaylo. 1972>. Perhaps because of the apparent 
ubiquity of mycorrhizal fungjebut also because of 
a generaJ lack of appreciation of these organisms. 
almost all ecological studies of plant succession 
have totally ignored these essential mycobionts 
of the below-ground ecosystem. e.g .. Bench-
mark Papers in Ecology-Ecological Succession 
has but a singie case of the inhibition of mycor-
rhizal fungi and their role in subsequent succe~­
sion (Golley. 1977). 
I n view of the essential nature of mycorrhizaJ 
fungi for most plants in native environments it i~ 
surprising that a closer examination of the role 
of the fungi in primary and secondary succession 
is disturbed habitats has not been carefully ex-
amined. Pirozynski and Malloch (1975) suggest 
that "it may not be merely a matter of coinci-
dence" that a disproportionate number of 
species thal are efficient colonizers of disturbed 
habitats are in trdditionaUy nonmycorrhizal fam-
ilie~ (Gerdem~tnn. J968). although they do not 
cite example~. Our results provice data which 
support the hypothesis that nonmycorrhizal 
plants are effective colonizers of disturbed hab-
itats and that the lack of mycorrhizal fungi exert 
profound influences on species composition. In 
our study mr of the plant cover adjacent to the 
disturbed habit was mycorrhizal-less than It;( 
of the plant cover was mycorrhizal in a narrow 
disturbed area (old roadbed-OS site) surround-
ed by the mycorrhizal area (M ES). 
Additional support for the efficiency of non-
mycorrhizal plants being colonizers of distul bed 
areas can be obtained from inferences on re-
search reports for the other disturbed areas. 
Sims and Redente (1974) concluded that natural 
revegetation of disturbed surface soils in the 
semi-arid West is a slow process and the greater 
the severity of the disturbance the slower the 
rate of recover\'. These conclusions were based 
on analvses or' relativelv minor surface distur-
bances such as construction of roads. pipeJines. 
driB sites. or where topsoil is used to cover over-
burdened or processed (spent) oil shale material. 
We suggest that a possible explanation for the 
delays in recovery is in part due to the elimina-
tion or reduction in the number of viable prop-
agules of mycorrhizaJ fungi «either spores. hy-
phae. or infected root fragments). Without 
mycorrhizae the seedlings cannot survive or 
their growth potential is significantly reduced. 
Recovery of an ecosystem in part is depentJenl 
on either the rate of invasion of the site by prop-
agules of mycorrhizal fungi which are viabl~ or 
roots having or tolerdting mycorrhizal fungi. 
Further evidence for our hypothesis is found 
in the Terwilliger. Cook. and Sims' (1974) study 
of oil shale ecosystems and their natural and ar-
tificial rehabilitation. They reported (in percent 
composition per plot studied) that vegetation 
succession following disturbance was as given in 
Table 3. 
An examination of the mo~t prominent species 
in each ecosystem except the reseeded Bottom-
land saeebrush community reveals that. after one 
year. these species are Il;JllIn\'Corrlzi:'lIl (indicat-
ed by a double asteri~k LIn those cases where 
no reseeding WilS done almost all the species are 
nonm vcorrhizal. 
In the compilation of studies on Processed 
[Oill Shale Revegetation Studie~. 1965-1973. for 
Colony Development Operation. d;'1141 indicate 
that processed shale (TOSCO II type) can ~up­
port plant growth if the shale b ie4Jched. fertil-
ized with sufficient nitrogen and phosphoru~. and 
the seedlings are suhsequently maintained with 
water and fertilizer (Block and Kilburn. 1973). 
The long-term result of seedling and tran~plant 
experirnenh on processed oil shale plots cannot 
be predicted. Many nalive spccie~ fail to ~urvive 
when planted on shale. and on the experimental 
plots exotic invaders are among the pioneer ... 
when the plots are ahandoned to n4.llUral condi· 
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TABLE 1. Sp('cil'J pn'.'i('1lI 01 both si/('.'i om/lhdr IInTorrhi:.,,1 SWIII.\ 
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tions. On the '-box plots" of shaJe 6()Ck of the 
invaders (1972-1973) are members of nonmycor-
rhizal families. The invaders are not the non-
mycorrhizaJ Sliisoill kali. Chenopodium albllm. 
PO/~'1!()llllm lIl'ic:ulllre. and Sllrcoblltlls l'ermicll-
latlls found by Terwilliger et al. (1974) but rather 
presumably nonmycorrhizaJ species of AI1lClrall-
thus. Eriogonum, Sis~'mbrillm .Chellopodium. 
and unidentified crucifers. These studies suggest 
that the mycorrhizal fungi were eliminated or re-
duced to the point where they would no longer 
infect the native. typicaUy mycorrhizal seedlings 
which germinate in the non-reseeded areas. The 
reseeding of wheatgrass in certain cases proba-
bly maintains a certain percentage of selected 
mycorrhizal species. However. a monoculture of 
wheatgrass. because this species may offer a lim-
ited host range for the mycorrhizal fungi present 
in the "topsoil." may limit the numbers of higher 
plant species which can rapidly replace the grass 
to those which have the identical mycorrhizal 
species requirement. Our suggestion that prop-
agules of V A mycorrhizal fungi may be signifi-
cantly reduced in numbers over short periods of 
time differs with Gerdemann' s ( 1971) report that 
V A mycorrhizal propagules can remain viable up 
to six and one-half years in nlinois soil. How-
ever. the extremely dry Colorado soils and the 
relatively harsh conditions of the oil shale region 
contrdst sharply with the relatively constant con-
ditions of the Illinois soil examined by Dr. Ger-
demann. Moorman and Reeves (1978) have dem-
onstrated that percent infection in rools' is a 
function of numbers of viable propagules pres-
ent. Extrapolation of their data implies there 
is a point at which the inoculum potential is so 
low that mycorrhizal formation is effectively pre-
cluded. 
One may question whether the high incidence 
of nonmycorrhizal plants as invaders on dis-
turbed land is unique to Colorado or is this a 
general rule in many disturbed ecosystems. The 
answer appears to be the latter. Allard ( 1(65) list-
ed the most successful noncultivated colonizers 
on a worldwide basis. These are: CJI(J11IJpodi1l111 
alhllm~'>·. A,·enalalllll. Siel/llria mCJdillx~. ()xlIli.\ 
corl1iclllala, LllClllcli sClIrio/tI, Elirodiul11 ciclI-
{(Iriul1l. Hordeum I1lUrillUm, Portulaca olertl-
('('(1**. Rumex cri .... pus**. Glilins(}~a spp,. RlI-
pit all II." sluirliS *":'. and P/Cllltllj!O itlllceo/cIlCl. 
Allard's conclusions are that successful coloniz-
ing species are predominately self-pollinating 
species. However. the relatively high incidence 
(42%) of potentially nonmycorrhizal species (in-
dicated with a double asterisk) in this list de-
serves serious consideration. Perhaps many of 
these species are able and vigorous colonizers 
because other self-pollinating plants cannot live 
in the absence of mycorrhizae. 
Mulligan ( 1965) studied the recent colonization 
bv herbaceous plants in Canada and found that 
among the more common invaders were: Thilispi 
an'ellsc**. Linaria nt/garis. Chellopodium al-
hllm*"". Erysimum cheirllllliloides*"". Caps('//a 
hursa-pa.,·tori,\' '" "". Rap/wIlli.''; rap/llIri.strum *~ .. 
BrCl.'.;s;c(l ctlmpC'slri", "'*. S{Jl~rglila arren .... ; .... i,'" • 
Crepi.,· {('('forum. Si.,·ymbrilll1l /oc'sclii**. Centu-
area repc'fH, A1atricliria illordorll. Rumex spp. *". 
Cardllus spp.. Trllgopogoll spp .. Amhro.\ia 
spp .. SOlie/illS spp .. Ellpilorhill spp .. and L('picl-
illm spp. **. The high proportion (52.6?(-) of po-
tentiaJly nonmycorrhizai genenl represented in 
this list (indicated by a double asterisk) contrasts 
with the observation "that most higher plants are 
mycotrophs" (Slankis. 1974). Pioneer species 
r."Sll ~. COlllptlrm;,·,· C'#1II1po.'iili"". ill pan'II1 m(,tllI 
f,!rmllul ron'F. llllC/ ",n'(I"IIi:."I .\1(1111.\ fir mll/ll' .'pI'tln 
ill 11lIIlIrai ( \1£5 I llIf,l di."i.II#Thf'" ( /)~ I I'('o.n.\ It·III.\ 
"'i~c .. n ~f.~ 
,rounu 'h4:UfTnll'itl 
c .. vcr !>~CIC" "<lau .. 
15.77 Artt·mi.fia Ir;'/('II/alel M-
I.n5 SI;Pll Cflllltllil M-
1.30 PI,II1.\ hflmlii M-
I,()h Agrop"'"" /r(ld""-(1II1ul1I M .. 
().nO }1I11;,,("U.\ II.\I('11.\,,('FIIIII M-
0.50 (In,;,,p.\i.\ hvmt'lwit.j,· \ M-
U.3f1 Af,!rop"'IIf1 .\I",llri, M+ 
0.35 C"PltIllIJWH'rwC'(/ M-
U.3~ SII(lII;OIl lIn/rt \ \1-
U.~h "twlur;tl ("rt\l(l/a \1-
n. I x ()pUII/;U poinll 1II11Jw M-
0.14 Gllltt'rr(';w \Ilflllhr(l(' \1-
1)-. 
1~.9 5,Ii.\OI" J..tlii \1· 
1."81 I J. \oj C'}! ('(tllioll JII( u'Hi",. !ollmdll}! di.Hllrbw/( C' till .\('mi-lI,id .wi/of in '''e ("olorm/o "iI .t""le (('1(;on It 
b:u')"Ic:m 
Low elevatiun sagehrush reseedcd with 
('n:'tcli "heat grass .A g'''1' rf"l/I/ .\ II/i,"ii) 
-.--.------- --- ----.-----
1,0\\ clt.'v.llinn sagei'>rush nul rcsectled 
Ili~h elevalion ,agehrush rescelicli wilh 
Cresled "heatt!la .. , (:\, "t/i,"id 
._- --- .----. --.------
nollumlanJ sagehrush reseeded "ilh 
Cresled whcal~rass lA, ,,,I/i,"i;) 





Hussiall thistlt· (St,/.""I" ktlIO ...... 
Crested whcatgrass (A}!m/H''''" ,,,,,;,11;0 
Indian ricegrass (Ory'r.poJiJ ".\'lIIt'llOi,/c''\' 
{
Russian thistle (S. Aali)·· 
4 It;} Lamhsquarters (ull'nopmlilim t,'b"m)~ ~ 
Miner's candle (CrYP't","'" .fU;n'I') 
~4('~ Indian rke~rass (0. "rlllt'IIl1ie/",t;) ilnd 
other perennial grasses 




Cresled wheill~nlss (A .. utli,"ii) 
Russian lhistle (S. Aam·· 








Ru!\!\hm Ihi!\tlc (.\. Aali)·· 4 ()";" 
Indian ricegmss (0. III'III('I",;d.,.\) 15% 
Beardless wheal grass (A}!rop,\'roll illl'fI"t" «rtf> 






Big silgebrush (Arlc'",hitl Ir;'/('/UIII,,) 
Crested whealgrass (A, .m,;,"ii) 
Beardless whe~lIgrass (A. ;'It'r",t') 
Knolweed (Pol,\'I-fOllllm t"'klllt,,d~ ~ 
Stick seed (I.tlppulll rt'c/olt'JAii) 
Dandcliun (l,,,a.ttltll,,, offidfwld 
Crested wheatgrass (A, Jmil"ii) 
Chealgrass (Broll/lI.'i '.'('/0",,,,. 
{ 
Ruhher mbhilhush «( ·h,.y.Wllw",IIIu 
IIIIII.H't/,W.\' ) 
Grease wood (Stlf('(lbtllIlJ .'('rmit'''/tlllH'' 
{ 
PcppcrwtlOlI (I.t'pidill'" spp,)~ ~ 
Lambs(lltartcrs «('. t,1I111111'·" 
Stid'ccd (/ .. fl'dml'.\-J,;,ii) 
,-------------- ------- ,------------------------ ------
Russian thistle (.\. AtI/i)'" 
l.amhsquarlers (l'. "11"111 .... 
no tlata ilvailahlc 
.• Dala lakcn from Terwilliger. Cook. and Sim!\, 1974, 
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often are exceptions to the generalization that 
most plants are mycorrhizal. 
A tabulation of data on primary succession on 
certain volcanic islands further suggests a close 
relationship of absence of mycorrhizai fungi 
(sterile "soi''') and traditionally nonmycorrhizal 
plants as primary invaders. Diamond (1977) has 
pointed out that Motmot Island on Long Island 
(near New Guinea) offers an especialJy interest-
ing opportunity for studying colonization of ef-
fectively sterile habitats. The tropical location of 
Long Island provides a large potential group of 
colonists. Since the island has had only limited 
visits by humans~ the chances for species con-
tamination (introduction) is low. The succession 
of predominant higher plants on Long I sJand is 
reported by BaJl and Glucksman (1975). The 
first-year plants all were members of the Cyper-
aceae. By the third year. the common plants were 
members of the Cyperaceae. Polygonaceae. 
Amaranthaceae. and Urticaceae with less than 
ten specimens of the Compositae. Moraceae. 
Scrophulariaceae. and Solanaceae. By the fourth 
year the most abundant plants were in the Cy-
peraceae and Urticaceae with a few examples of 
the Amaranthaceae. Gramineae. Moraceae. Po-
Iygonaceae. and Ulmaceae. In summary. the ear-
ly colonizers are mainly members of the Cyper-
aceae. Poiygonaceae. Amaranthaceae. and 
Urticaceae. These same families are included in 
the list of families (compiled by Gerdemann 
(1%8)] reported to be typicaJly nonmycorrhizaL 
In a totally different environment (Iceland) but 
a similar situation. viz .• colonization of the vol-
canic island Surtsey. Iceland. a successional pat-
tern of plants in typically nonmycorrhizal fami-
lies occurs t data tabuJated from Lindroth et al .. 
1973). On Surtsey the primary invaders are mem-
bers of the Brassicaceae and Caryophyllaceae 
(both listed as typicaJly nonmycorrhizal families) 
with a few less successful individuals ,of the Gra-
mineae and Boraginaceae. By the fifth year fol-
lowing eruption the predominant piant was 
HOl1ckl'llya pep/aides. a member of the Cary-
ophyllaceae. 
Mayr ( 1965) noted an apparent paradox. viz .. 
.. Why are colonizers normally competitively so 
unsuccessful in undisturbed areas'? ... Whv is 
their success limited to such specific condidons 
as ... to move into disturbed habitats and 
man's environment?" Mayr suggests a general 
answer is that "adaptive superiority is usually 
brought at the expense of giving up some other 
components of fitness. some other type of adap-
tive qualifications." For cenain higher plants we 
may have a more specific answer. We suggest 
that data indicate that mycorrhizal plants are 
more competitive than nonmycorrhizal plant ... -
mycorrhizal plants form the major species in di-
max and subclimax ecosystems. If. however. 
mycorrhizal fungi are not present (or are sub-
stantially reduced in an area) then nonmycorrhi-
zal plants are the first to invade such sites. Of len 
disturbed habitats result in reduced numbers of 
mycorrhizal propagules' because the hosts them-
selves are reduced: there is. then. less infection. 
The "adaptive superiority" of the invader plants 
is the ability to live without mycorrhizal fungi. 
but the" components of fitness" they have gi"en 
up is their relative inability to compete in natural 
ecosystems wherein most of the piants have rhe 
added fitness of mycorrhizal contributions to 
growth and survival. 
Our working hypotheses for continued study 
of rehabilitation on oil shaJe lands may be out-
lined as follows: I) Disturbance of soil leads to 
reduction and possibly elimination of propagules 
of mycorrhizaJ fungi (because host plants are re-
duced in numbers): 2) Reduced members of 
propagules leads to a lower potential for infec-
tion of new host plants: 3) Nonmycorrhizal 
species become established because normally 
mycorrhizal plants die in the seedling stage (for 
lack of mycorrhizal fungi): 4) Success of non-
mycorrhizal species further reduces the propa-
gules of mycorrhizal fungi since the fungi are ob-
ligate symbionts: 5) Total elimination of 
mycorrhizal fungi obviates competition by my-
corrhizal higher plants: 6) Succession is slo\\'ed 
because of the lack of potential mycorrhizal fungi 
(these fungi may be slow invaders): and 7) The 
harsher the site the greater the potential for elim-
ination of mycorrhizal propaguJes and. therefore. 
a longer time is required for re-establishment of 
mycorrhizal vegetation. 
If any of these working hypotheses are correct 
then they have important implications for nalural 
plant succession in various environments and 
especially for rehabilit&ltion practice~ following 
energy extraction. The revegetation .... tudie~ 
which somewhat panlliel those associated with 
oil shaje problems are those on emIl wastes. Here 
the spoils are effectively sterile ~ince they are 
from deep within the earth. Early s(udie~ 
(Schramm. 1966) on Pennsylvania coul spoib in-
dicated thut vegewtion cover j, extremely diffi-
cult to establish on some spoib. Schramm im.h-
cated that the trees established on coal waste~ 
were mycorrhizal. and he suggested that this a ... -
socialion was extremely import£lOt for succe ...... . 
Nicolson ( 1967) most clearly sug~ested that my-
corrhizal fungi "may be a significant factor in 
soils of low fertility or in speci4JI .... ituations. for 
example where soil sterilization is carried out a~ 
a routine measure or where altemph are hein~ 
made to colonize bare areas such as sand or in-
dustrial w"ste.·· Nicobon referred to steriliza-
tion as done in greenhouses but the concept i ... 
equally valid for retorted oil shale and effectivel} 
sterile soil hrought from deep mining as for coal 
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and ores. Daft and Nicolson (1974) studied plants 
on coal wastes in Scotland and found that V A 
mycorrhizae occur on most successful plants on 
the mine spoils. The conclusion that V A mycor-
rhizal fungi are important in colonizing species 
is reported for Pennsylvania coal spoils (Daft and 
Hacskaylo. 1976). sand dunes (Nicolson. 1960). 
urban waste problems (Stevenson. 1964). and 
mine tailings (Harris and Jurgensen. 1977). More 
recently. Marx (1975) and Lindsey. Cress. and 
Aldon (1977) have suggested that endomycorrhi-
zae may be essential for reclamation of coal-min-
ing areas disturbed by energy extraction in the 
West. 
Our survey of the native vegetation in western 
Colorado indicates that most species are mycor-
rhizal. However. colonizing species on disturbed 
land are often nonmycorrhizaJ. The nonmycor-
rhizal species may hinder successional stages in 
the ecosystem recovery because they do not pro-
vide an inoculum source for subsequent species 
which require mycorrhizal associations for sur-
vival. We therefore suggest that successful rec-
lamation will depend on developing a protocol to 
select and/or maintain the essential mycorrhizal 
fungi in disturbed habits or develop methods to 
reinoculate these fungi in habits where they are 
absent. The success of rehabilitation projects to 
re-establish and maintain with minimum re-
source input conditions approximating those 
present before disturbance may well depend on 
our ability to manipulate the essential mycorrhi-
zal fungi. 
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THE ROLE OF ENDOMYCORRHIZAE IN REVEGETATION 
PRACTICES IN THE SEMI-ARID WEST. II. A BIOASSAY TO 
DETERMINE THE EFFECT OF LAND DISTURBANCE ON 
ENDOMYCORRHIZAL POPULATIONSl 
THOMAS MOORMAN AND F. BRENT REEVES:! 
Department of Botany and Plant Pathology, Colorado State University. Fon Collins 80523 
ABSTRACT 
Populations of the endomycorrbizal fungus Glomus .ulScicultllll.t were significantly reduced fonow-
ing land disturbance in we~tem Colorado soil. A bioassay was developed [0 measure changes in the 
endomycorrhizaJ population. In the bioassay. inoculum levels were measured by comparing the per-
centage infection in com (Zetl mll~·.t) root systems thirty days after piantintl in undisturbed or disturbed 
soils. The percent8!le infection was 2% in the disturbed soil compared to TIt;(- in the adjacent undis-
turbed soil. Glomus jascicululll.'l was identified as the endophyte in both soils. Considering the im-
portance and function of endomycorrbizal fungi to their plant hosts the reduction of active inoculum 
in the disturbed soil may be an important ecological factor in subsequent Succc3.sion. 
THE PRESENCE of vesicular-arbuscular endomy-
corrhizal fungi (V AM) has several benefits for 
the host pi ant. V A mycorrhizal plants have an 
increased ability to absorb phosphorus. and pos-
sibly other elements (Mosse. 1973a. b). Mycor-
rhizal plants may also have greater water ab-
sorption abilities (Safir. Boyer and Gerdemann. 
1972). Growth increases due to VA infection 
have been demonstrated for many plants (Mosse. 
1973a. b: Gerdemann. 1975). 
V A mycorrhizal associations have been ob-
served in a wide variety of natural and agricul-
tund ecosystems (Read. Koucheki. and Hodg-
son. 1976: Williams and Aldon. 1976: Redhead. 
1977: Johnson. 1977: Gerdemann. 1976: Sparling 
and Tinker. 1975). It has been suggested that the 
presence of V A mycorrhizal fungi is important 
in the rehabilitation of semi-arid ecosystems of 
the southwest United States. since these envi-
ronments are often low in plant available pho~­
phate (Williams and Aldon. 1976), Daft. Hac-
skaylo. and Nicolson (1975) suggested that V AM 
fungi might be important in the establishment of 
pioneer plants on coal mine wastes in Scotland 
and Pennsylvania. Marx and Bryan (1975) found 
that the introduction of ectomycorrhizal fungi 
greatly increased plant survival and growth in the 
revegetation of disturbed lands in the southeast 
U niled States. Similarly Aldan (1975) showed 
that endomycorrhizae increased the height. dry 
I Received for pu~lica'ion 5 April 197M: reVI'ton accepted 
t2 Septem~er 1978. 
: Thi, work was supported by ERDA Contract Ec 11-1'-
4018 to FBR. 
14 
weight and percentage survival of Atrip/ex ca-
lleSCellS (Fourwing Saltbush) transplanted on the 
New Mexico coal mine spoils. Similar resuhs 
were obtained with Rabbitbrush (Chn'sotllll-
mallS 1l11115eO.HiS) grown on the same material 
(Lindsey. Cress and Aldon. 19n). 
V A mycorrhizal fungi survive in the soil in 
plant roots or as spores in the soil. Spore num-
bers and distributions in various soils were re-
viewed by Mosse (1973a). Spore numbers in soil 
have been one measurement of VAM fungi levels 
in the soil. However. the correlation between 
spore numbers in the soil and infection in plant 
hosts is low in some situations (perhaps because 
of nonviable spores) while strong in others (Hay-
man. 1970: Daft and Nicotson. 1972: Read et aL. 
1976: Redhead. 1977: Furlan and Fortin. J97i). 
Read et al. (1976} suggested that spores were not 
the principal source of inoculum. but that infect-
ed plant roots or mycelium in the soil were im-
portant sources of inocula. To overcome the dif-
ficulties intrinsic in using spore numbers as an 
estimate of the population. a bioassay for spe-
cific soils was developed. 
The bioassay consists of determining the rer-
centage infection in com root systems grown for 
thiny days in soil from either the disturbed or 
undistrubed sites. Corn was selected as the 
bioassay plant because of its ability to serve a .... 
a host to many of the Endogonaceae i Gerdemann 
and Trappe. 1974). In the bioassay. only live in-
oculum units (spores and infected roots) are mea-
sured. whereas in spore counts viable and non-
viable spores were not distinguished. 
322 
January. 1979/ MOORMAN AND Ri:.i:.Vi:.S--ROll:. OF l:.NDOMY(ORRHIZAi:.. II. 15 
~A TERIAlS AN 0 METHoos-Fifteen-cm deep 
sOil samples were taken from two sites in the 
Piceance Basin of Colorado during I'ate Novem-
ber. 1976. One site is typical of the region' s mid-
dle elevation sagebrush community (MES) 
(Ward, Slauson and Dix. 1974). The other site is 
a disturbed strip (DS) of land which was formerlv 
a county road. In 1973 the road was abandoned' 
ripped by caterpiHar tractor and left to nature: 
The soil "am pies were collected at 20-ft intervals 
a~ong 200-ft. transects at each site. Samples in the 
disturbed site (OS) were taken from the middle 
of the road to avoid any contamination from the 
edges. The samples were composited and mixed 
for each site. then stored in a cold chamber at 
4°C. 
Soils, undiluted. 114 and 1140 dilutions from the 
MES and DS sites were assayed. The dilutions 
were made on a volume basis using a 1: 1: 1 mix-
ture of perlite .. vermiculite and sand which had 
been previously sterilized. Corn was planted in 
surface. sterilized 9-cm square pots containing 
approxImately 400 ml of these media. Controls 
were made by sterilizing soil from each treatment 
in an autoclave (twice for 1.5 hr). Each of the 
eight treatments contained 15 pots with one plant 
each to aHow five plants to be harvested 30. 60 
and 90 days after planting. Prior to planting all 
seeds were washed and sterilized for 10 min in 
7O'k ethyl alcohol. 
To assay for infection. the roots of five plants 
from each treatment were washed. then cut into 
sman pieces and mixed. One hundred randomly 
selected I-cm root sections were removed 
from each bulk sample and stained according to 
the method of Phillips and Hayman (1970). The 
stained rOOl sections were mounted in lac to-
phenol and examined under a compound micro-
scope. The percentage infection was calculated 
as the number of segments with any infection out 
of the sample of 100 (Daft and Nicolson. 1966L 
Only those segments containing mycorrhizal hv-
phae and either vesicles or arbuscules we;e 
counted as infected. 
Soil anal ysis of the M ES and OS soil was done 
in the Colorado State University Soil Testing 
Laboratory. Spores of V A mycorrhizal fungi 
were counted in the soil from each site. Eight 
counts at each site were made bv use of a mod-
ified wet sieving method (Gerdemann. 1955>. En· 
domycorrhizal fungi were identified according to 
Gerdemann and Trappe (1974). 
RE~Ul T5-The mean infection percentages of 
~he bJoas~ay p.lants 30. 60 and 90 days after plant-
Ing are given to Table I and shown in Fig. I. At 
the 30 day sampling time the MES plants were 
719c infected. whereas the DS piants were only 

















Days after planting 
OS $Oil 
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Fig. I. A comparison of mean percent infection in com 
moss grown for 30. 60 and 90 days in MES and OS undiluted 
and diluted (1/4 and 1140) soils. 
of inoculum in the OS soil. The effect of dilution 
was to reduce the amount of infection in the 
MES plants accordingJy. Diluting the OS soil 
also reduced mean infection. but because of the 
low inoculum density in this soil. the effects of 
dilution do not become apparent until 60-90 
days. 
The most common endophyte present in wet· 
sieved soH and the bioassay plants was Glomu.'i 
fa.H'ii'II/tllll.\'. However. spores identified as G. 
microcarpus were occasionally observed. 
The growth of Glomus fa.H·;cu/aIIlJ within the 
com roots followed a pattern typical of mvcor-
rhizae in summer crops (Saif. J977). At the thirty 
day sampling period the corn roots had pene-
trated all parts of the pot. thus encountering most 
potential inoculum units. At this time abundant 
arbuscules could be seen in the cortical cells. but 
only a few vesicles. Sixty days after planting nu-
merous vesicles could be seen with the arbus· 
cuies. Spores were observed attached to external 
mycelium in the roots of plants harvested 90 davs 
after planting. No sporocarps were observed .. 
The results of total spore counts are presented 
in Table 2. Surprisingly. the DS soil contains sig-
nificantly grealer numbers of spores of V A m\-
corrhizal fungi. but many of these spore, oM 
served under a compound microscope were 
found to be cracked or dead. An average of 6.7 
spores per g in the M ES soil was found compared 
to an average of 10.4 spores in the DS soil. These 
counts are significantly different at the 0.0 J level. 
The re ... ult-. nf the "oil analy"cs arc given in Ta-
hie 3, 
DI~Cl!SSlo"-A( this time. no accurate meth-
od for the quantification of V A mycorrhizal fungi 
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TABU J. Compari,wII (Ir p('rn'llIa/:c' i"I,'("(im, or bimlSStH pllllll,\ /:ro"'1/ ill 'II,eJislllrh(,c/ (,\1 E5 I "S. ciislllrbc'c/ (/)5 I 
,\(Iii 
Trealmenl 30 days 
MES soil 66" 88' 77d 
1/4 MES soil 37 46 42 
1/40 MES soil 0 3 2 
OS soil 2 0 1 
1/4 OS soil 1 0 1 
1/40 OS soil 1 0 1 
Control 0 0 0 
a Days after planting. 
II Replication I, 
,. Replication 2. 
d Mean infection. 
has been developed. Spore counts are the most 
common method for quantifying V A mycorrhizal 
inoculum in the soil. but this is inconclusive due 
to the effects of plant nutrients. season. host 
plant. and possibly other factors on the produc-
tion of spores. Spores are not the only structures 
that can serve as inoculum units <Powell. 1976): 
endomycorrhizal roots also can act as inocula. 
Redhead (1977) was unable to extract spores 
from a Nigerian rain forest soil and a New Zea-
land bush soil where infected plants were found. 
Similarly our data show an inconsistency be-
tween spore numbers and mycorrhizal develop-
ment in a host plant on the disturbed land (OS). 
The bioassay measures the reaitive amounts of 
inoculum in the soils by observing the amount of 
development of the mycorrhizal fungi in the host 
plants. Our system utilized com which is known 
to be a host to many V A mycorrhizal fungi. The 
bioassay is probably most accurate 30 days after 
planting since infection is mainly from propa-
gules and not from growth of the fungus within 
the. roots. However. in other situations these 
conditions may need to be modified to accurately 
bioassay the relative amounts of mycorrhizal in-
oculum in soils. 
The differences in the percentage infection 
thirty days after planting in the OS and MES 
bioassay plants probably results from a reduction 
in the inoculum potential in the OS. This is ex-
pected since the OS exhibits a low incidence of 
Sam"h", II 17k" , 
hO daH 90 days 
~ R9 87 80 97 89 
57 ~C 70 45 94 70 
17 15 16 37 20 29 
0 15 R 17 42 30 
7 0 4 17 15 16 
2 0 .5 7 6 
0 0 0 0 0 0 
mycorrhizal plants (Reeves et aI.. 1978). High 
levels of available nitrogen and phosphorus can 
reduce the' amount of infection by the Endogo-
nacede. but the levels of these nutrients are low 
in both soils (Table 3). Zinc has been demon-
strated to inhibit the growth of Elldogone sp. in 
pinto beans. and to inhibit the germination of 
spores in petri plates (McIlveen. Spotts. and Da-
vis. 19i5: Hepper and Smith. 1976). It seems un-
likely that the higher Zn concentration in the OS 
soil alone could account for these results. A So-
dium Adsorption Ratio (SAR) value of 11 rep-
resents the lowest end of a moderate sodium haz-
ard range to higher plants. Information on the 
effects of sodium on soil fungi or mycorrhizae is 
sparse (Richards. 1954). The effect of sodium at 
the OS would be to reduce water infiltration due 
to soil dispersion. but effects of this kind would 
be minimized by the bioassay methods. 
The reduction of populations of mycorrhizal 
fungi may be significant in the re-establishment 
of stable ecosystems on disturbed lands. The low 
populations of mycorrhizal fungi found in the OS 
soil may not allow the plant hosts to become suf-
ficiently infected to receive the growth stimula-
tion that often accompanies normal infection 
levels. Some support for this idea is expressed 
bv Daft and Nicolson (1969) in their work on the 
influence of mycorrhizal inoculum concentra-
tions and the growth of tomatoes. Plants receiv-
ing the largest amounts of inoculum exhibited 





;0 Spores per 5 g soil sample. 
It Mean expressed rer 1 g soil sample, 
~fl 
4~ 
I.. .. unl numtorr 
~6 33 40 
4X 43 M 
--
\tt"an 
3n 3~ 4X 6.7" 
~!< 40 ~~ W.4 
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TABU. 3. Cllc'mic'lIl dwruc-/c'r;s/ics or /"'0 C%rm/" .wil.\ 
('bn.I .• O.M.'· P 
Soil "H mmhus'cm r' "y,m 
MES soil 8.0 0.5 1.1 3 
OS soil 8.:! 1.6 0.7 5 
.. Electrical cunductivity. a measure of tOlai soluble saits. 
h Organic maller. 
" ~(), 7n Fr ""m "rm "rm ""m SAR' 
9~ I 0.5 1.4 0.3 
99 13 3.:! 3.7 I I.:! 
r Sodium Adsorption Ratio. a measure of exchangeable sodium ions. 
growth increases more quickly after planting 
than those plants receiving lesser amounts of in-
oculum. 
We estimate that the viable populations in the 
OS are approximately 1140 that of the MES. This 
is indicated by the roughly equal infection per-
centages in the 1140 dilution of MES soil and the 
OS soil. The bioassay is a more accurate assess-
ment of the populations at the two sites than 
spore counts which show greater numbers of 
spores in the OS soil. The bioassay technique 
offers an alternative method for comparing pop-
ulations in soils. wherein only the active V A 
mycorrhizal fungal propagules. under variable 
soil conditions. are measured. 
Additional research on the suitability of com 
as a bioassay host and the environmental effects 
(light. temperature. etc.) on percent infection is 
needed. Quite likeJy several other hosts with 
wider symbiotic relationships may provide a 
more rapid or more accurate method for other 
soils or other conditions. 
Certainly there is a strong correlation between 
the incidence of active mycorrhizal prop-dgules 
and the incidence of mycorrhizal plants in these 
soils <Reeves et al.. 1978). This correlation ha~ 
far reaching implications in studying succession 
on severely disturbed habits and in planning rec-
lamation efforts on disturbed lands. Perhaps both 
quantitative (number of viable propagules) and 
qualitative (presence or absence of particuJar 
species) aspects of mycorrhizal infection poten-
tial must be considered in rehabilitation pro-
grams for disturbed lands. Current research b 
underway to determine the relative impact of 
various soil disturbances on mycorrhizal poten-
tial. 
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·Tab1e 1. P values from analysis of variance on biomass of seeded, 
invading, and total (seeded and invading) species from the 




Irri gati on .1490 .0986 
Seed Mix .1603 .1236 
Irrigation x Seed Mix .1012 .1699 
Seeding Technique .2142 .4411 
Irrigation x Seeding Technique .2279 .5313 
Seed Mix x Seeding Technique .4983 .8417 
Irrigation x Seed Mix x Seeding Technique .4812 .7685 
Fertilization .0016 .0033 
Irrigation x Fertilization .8413 .0166 
Seed Mix x Fertilization .6073 .0137 
Irrigation x Seed Mix x Fertilization .1263 .0286 
Seeding Technique x Fertilization .9823 .3985 
Irrigation x Seeding Technique x .0471 .4241 
Fertilization 
Seed Mix x Seeding Technqiue x .A6S7 .9731 
Fertilization 
Irrigation x Seed Mix x Seeding Technique x .7760 .7643 
Fertilization 


















Table 2. P values from analysis of variance on the Revegetation Technique 
Plot on Deeply Disturbed Soils. Each life form was analyzed 




Irrigation x Seed Mix 
Seeding Technique 
Irrigatton x Seeding Techn.ique 
Seed Mix x Seeding Technique 
Irrigation x Seed Mix x Technique 
Fertilization 
Irrigation x Fertilization 
Seed Mix x Fertilization 
Technique x Fertilization 
Irrigation x Seed Mix x Fertilization 
Seed Mix x Technique x Fertilization 
Irrigation x Technqiue x Fertilization 
Irrigation x Seed Mix x 

















lAll P values ~ .05 were considered significant. 


















Table 3. P values from analysis of variance on the Revegetation Technique 
Plot on Deeply Disturbed Soils. Each life form was analyzed 




Irrigation x Seed Mix 
Seed; ng Techn.ique 
Irrigation x Technique 
Seed Mix x Technique 
Irrigation x Seed Mix x Technique 
Fertilization 
Irrigation x Fertilization 
Seed Mix x Fertilization 
Technique x Fertilization 
Irrigation x Seed Mix x Fertilization 
Seed Mix x Technique x Fertilization 
Irrigation x Technique x Fertilization 
Irrigation x Seed Mix x 

















lAll P values :s .05 were considered s·;gnificant. 


















Table 4. P values from analysis of variance on the Successional Study on 
Surface Disturbed So;l. Each life form was analyzed separately. 
This data represents density of seeded species. 
Densi tyl 
Treatment 
Grasses Forbs Shrubs 
Mulch .0225 .1336 .3036 
Seed Mix .0000 .0525 .1864 
Mulch x Seed Mix .3441 .8102 .2012 
Fert; 1; za ti on .7446 .1601 .5682 
Seed Mix x Fertilization .7335 .1252 .1058 
Mulch x Fertilization .8095 .9235 .5356 
Seed Mix x Mulch x Fertilization .0545 .3915 .0246 
lAll P values ~ .05 were considered significant. 
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Table 5. P values from anaysis of variance on the Successional Study on 
Surface Disturbed Soil. Each life form was analyzed separately. 
This data represents cover of seeded species. 
Cover l 
Treatment 
Grasses Forbs Shrubs 
Mulch .5486 .9606 .4289 
Seed Mix .4908 .0220 .0102 
Mulch x Seed Mix .9618 .9885 .7265 
Ferti 1 i za ti on .0002 .0588 .4229 
Seed Mix x Fertilization .7397 .8974 .4084 
Seed Mix x Mulch x Fertilization .5143 .0568 .4343 
lAll P values ~ .05 were considered significant. 
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Table 6. P values from analysis of variance on the Successional Study on 
Surface Disturbed Soil. Each life form was analyzed separately. 




Mulch x Seed Mix 
Ferti 1 i za ti on 
Mulch x Fertilization 
Seed Mix x Fertilization 




















Table 7. P values from analysis of variance on the Successional Study on 
Surface Disturbed Soil. Each life form was analyzed separately. 




Mulch x Seed Mix 
Fertilization 
Mulch x Fertilization 
Seed Mix x Fertilization 




















Table 8. P values from analysis of variance on the Successional Study on 
Surface Disturbed Soil. Each life fonn was analyzed separately. 




Mulch x Seed Mix 
Fertilization 
Mulch x Fertilization 
Seed Mix x Fertilization 


















. 1271 .5785 
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Table 9. P values from analysis of variance on the Retorted Shale Study. 
(Each life form was analyzed separately. This data represents 
density from seeded species only.) 
Treatment 
Panel 
Seed Mi x tu re 
Panel x Seed Mixture 
Ferti 1; za ti on 
Panel x Fertilization 
Seed Mixture x Fertilization 









lAl1 P values ~ .05 were considered significant. 










Table 10. P values from analysis of variance for Retorted Shale Study. 
(This analysis represents the treatment response of total 
biomass, total cover, and total density where total is the sum-




Biomass Cover Densi ty 
Panel .0037 .1825 .0000 
Seed Mi x ture .2726 .1859 .0325 
Panel x Seed Mixture .6165 .3121 .5759 
Fertilization .4522 .2898 .6555 
Panel x Fertilization .6591 .2768 .2266 
Seed Mixture x Fertilization .0779 .3987 .5819 
Panel x Seed Mixture x Fertilization .8307 .5673 .9782 
lA11 P values ~ .05 were considered significant. 
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Table 11. P values from analysis of variance for Retorted Shale Study. 
(This analysis represents total grasses, forbs, and shrubs for 
seeded species only.) 
Response l 
Treatment 
Biomass Cover Dens; ty 
Panel .0000 .1844 .0000 
Seed Mixture .0238 .1569 .0376 
Panel x Seed Mixture .1209 .2754 .5937 
Ferti 1 i za ti on .6574 .2931 .6452 
Panel x Fertilization .7546 .2487 .2312 
Seed Mixture x Fertilization .4827 .4426 .5722 
Panel x Seed Mixture x Fertilization .9106 .5728 .9790 
lA11 P values ~ .05 were considered significant. 
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Table 12. P values from analysis of variance on the Retorted Shale Study. 
(Each life form was analyzed separately. This data represents 
cover of seeded species only.) 
Cover1 
Treatment 
Grasses Forbs Shrubs 
Panel .0005 .3708 .0676 
Seed Mixture .5409 .2855 .0045 
Panel x Seed Mixture .8781 .3766 .2066 
Fertilization .2517 .3732 .2965 
Panel x Fertilization .4652 .3721 .7061 
Seed Mixture x Fertilization .5041 .3673 .1863 
Panel x Seed ~4ixture x Fertilization .7048 .3831 .9921 
lAll P values ~ .05 were considered significant. 
APPENDIX B 
Soil and Meteorological Data 
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Tabl e 1. Laboratory nitrogen analysis of soil taken at various depths 
from the panels of the Retorted Shale Successional Study, 1978. 1 
Location Percent ppm ppm Sample Depth Total N NH 4 -N N0 3-N Panel Rep 
2 I 0-15 ern 0.071 10 5 
2 I 15-30 cm 0.058 16 6 
2 II 0-15 em 0.070 6 5 
2 II 15-30 em 0.051 11 4 
2 III 0-15 em 0.068 5 2 
2 III 15-30 em 0.060 14 5 
3 I 0-15 em 0.076 4 5 
3 I 15-30 em 0.066 11 3 
3 II 0-15 em 0.'075 10 4 
3 II 15-30 em 0.073 12 5 
3 III 0-15 em 0.084 6 5 
3 III 15-30 em 0.073 14 4 
4 I 0-15 em 0.084 7 5 
4 I 15-30 em 0.072 8 3 
4 II 0-15 em 0.081 10 2 
4 II 15-30 em 0.072 11 4 
4 III 0-15 em 0.084 2 5 
4 III 15-30 em 0.082 13 5 
5 I 0-15 em 0.080 4 6 
5 I 15-30 em 0.063 20 4 
5 II 0-15 em 0.062 4 6 
5 II 15-30 em 0.065 11 5 
5 III 0-15 em 0.066 3 6 
5 III 15-30 em 0.068 12 4 
6 I 0-15 em 0.084 3 5 
6 I 15-30 em 0.082 17 5 
6 II 0-15 em 0.080 4 6 
6 II 15-30 em 0.084 14 5 
6 III 0-15 em 0.081 2 4 
6 III 15-30 em 0.079 13 4 
ISo;1 samples collected and analyzed in July 1978. 
Table 2. Laboratory analysis of Paraho retorted shale and soil taken-at various depths in the panels of 
the Retorted Shale Successional Study.l Soil samples collected and analyzed in November 1978. 
Location Sample pH Conducti vi ty Ca Mg Na K SAR Meq/100 9 Type CEC 
Panel 1 Surface 9.2 6.2 5.6 43.2 27.4 4.7 5.6 4.7 Shale 
Panel 1 Surface 9.2 5.0 5.1 31 .7 22.0 3.9 5. 1 5. 1 Shale 
Panel 1 Surface 9.2 5.3 5.8 34.7 20.0 3.6 4.4 4.3 Shale 
Panel 1 Subsurface 9.2 8.2 21 .5 31 .2 49.1 5.1 9.6 5.2 Shale w +::0 
w 
Panel 1 Subsurface 9.3 7.2 21.6 23.7 38.9 4.7 8.2 5.0 Shale 
Panel 1 Subsurface 9.3 6.7 22.8 28.9 35.3 4.8 6.9 4.3 Shale 
Panel 2 Soil Above 8.5 1 .8 2.4 2.5 15.0 0.1 9.5 16.3 Interface 
Panel 2 Soil Above 8.9 2.4 2.6 3.9 18.6 <0.1 10.3 15.1 Interface 
Panel 2 Soil Above 8.5 1 .4 2.4 1 .6 12.0 <0.1 8.4 19.1 Interface 
Panel 2 Soil Below 9.5 5.1 24.4 13.2 22.0 1 .7 5.1 7.4 Interface 
Table 1.--Continued 
location Sample pH Conductivity Ca Mg Na K SAR Meq/l00 g Type CEC 
Panel 2 Shale Below 9.3 5.0 23.8 21 .4 18.5 1 .7 3.9 6.4 Interface 
Panel 2 Shale Below 9.4 6.3 23.0 17.6 34.8 2.2 7.7 7.2 Interface 
Panel 4 Suosoi 1 8.7 2.4 3.0 3.8 19.8 0.1 10.7 15.2 
Panel 4 Subsoil 8.5 4.3 11 .7 10.7 23.3 0.2 7.0 18.9 
w 
.,J:::. 
Panel 4 Subsoil 8.5 1 .3 3.3 2.1 8.6 0.1 5.2 16.0 
.,J:::. 
Panel 5 Shale Below 9.5 7.4 22.3 16.0 52.2 2.8 11 .9 6.3 Interface 
Panel 5 Shale Below 9.5 7.2 22.3 20.1 43.4 3.0 9.4 6.1 Interface 
Panel 5 Shale Below 9.1 5.6 23.4 28.1 21 .8 1 .0 4.3 9.5 Interface 
lConductivity, pH, Ca, Mg, Na, K, and SAR were determined from a saturation extract for all so11 







Panel 1 - Shale to Surface 
"fo Moisture by vol. % Moisture b vol n 20 ~ 0 ~ 
o =6/3 
o =7/1 
Panel 2 - 3O.5cm Soi I COler 
Panel 3- 91.5cm Soil Cover 
0= 7131 
0=8/30 
Figure 1. Subsurface soil moisture by volume for the Successional Study 
on Retorted Shale and Soil Over Retorted Shale. (Readings were 







Panel 4 - Control 
OJo MOlstLre by vol. 0/0 Moisture by vol. 
o 1 30 O~_---:.;1 ,.--_--.,--_--, 
0=6/3 
0=7/1 
Panel 5 - 61 em Soi I COler 
o------~----~----~ 
Panel 6 - 61cm Soi I Cover Over 
3O.5em Capi nary Barrier 
0=7131 
0=8/30 
Figure 2. Subsurface soil moisture by volume for the Successional Study 
on Retort~d Shale and Soil Over Retorted Shale. (Readings 


































- 1 = Retorted sha 1 e-
to-surface 
--- 2 = 30.S em soil over 
retorted shale 
-.- 3 = 91.S em soil over 
retorted shale 
- 4 = Soi 1 check wi th no 
retorted shale 
••• S = 61.0 em soil over 
retorted sha1 e 
••• 6 = 61.0 em soil over 
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Figure 3. Percentage surface soil moisture for the Successional Study 
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7/31 8/15 8/29 
Figure 4. Percentage surface soil moisture for the Successional Study 
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Figure 5. Percentage surface soil moisture for the Revegetation 
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Figure 6. Percentage surface soil moisture for the Undisturbed Native 
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Figure 7. Mean soil temperature for the jrrigated section of the 
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Figure 8. Mean soil temperature for the nonirrigated section of the 
Revegetation Technique Plot on Intensively Disturbed Soils, 
1978. 













- 15 em Depth 





Ju1 Ju1 Ju1 
1 15 31 





Figure 9. Mean soil temperature for the Undisturbed Sagebrush Community, 
1978. 
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Fi gure 10. t1ean soi 1 tempera ture for the Success i ana 1 P1 at on Sha 11 owl y 
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Yearly Total = 295 mm 
Figure 11. Precipitation data recorded (mm) at the Intensive Study 
Site. 
